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Trmslation  Editor's  Prefaco 


The  English  version  of  Volume  Ilof  Brauer's  "Handbook”  follows 
the  path  of  the  vary  well  received  translation  of  Volume  1,  Agato^ 
5Qme  of  the  material  and  particularly  the  bibliography  has  been 
corrected  and  brought  up  to  date*  The  nomenclature  has  been  re- 
vised where  necessary,  with  the  Stock  and  the  Stock- Werner  systemfl 
(the  practice  of  using  RoTnan  numerals  to  define  oxidation  states  of 
atoms)  adopted  as  much  as  possible.  This  conforms  with  current 
1,U.P*A.C,  and  Chemical  Abstracts  practice  ffor  details  of  tbia, 
see  Robert  C,  Brasted,  J.  Chem.  Education^,  136  (194B)].  The 
references  to  laboratory  equipment  and  techniques  reflect  curreant 
U*S.  usage,  but  useful  European  methods  have  been  retained* 

It  Is  hoped  that  this  volume  will  be  as  well  received  as  the  pre- 
ceding one.  Comments  from  users  are  invited  to  help  Improve 
future  editions* 


Rahway,  N*  J, 
May  1965 


Paul  G*  Stecher 
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Copper,  Silver,  Gold 

O.  OLEMSER  AND  H.  SAUER 


Copper  (Pure  Metal) 

CuO  + = Cu  + H,0 

79.5  22,41.  03,5  10.0 

A BolAition  of  electrolytic  copper  In  30%  nitric  acid  Is  evapo- 
rated to  dryness.  The  resultant  nitrate  is  converted  to  the  oxide 
by  heating  for  IS  hours  in  an  electrical  furnace  at  850"C,  The 
oxide  is  then  reduced  at  low  temperature  (250-300  “C).  The  prod- 
uct is  finely  divided  metallic  copper. 

Alternate  method;  Reduction  of  copper  oxalate  with  hydrogen 
fK,  Flscbbeck  and  O.  Dorner,  Z,  anorg.  allg.  Cham.  1B2.  228 
(1928)].  For  preparative  dlreoticne,  see  subsection  on  CuS,p.  1018, 

PROPERTIES^ 

Atomic  weight  63.54;  m.p,  1084* C.  b.p.  2595 *C;  d|®  8,93. 
Crystal  structure:  type  Al. 

REFERE19CE.- 

H.  Haraldsen.  Z.  anorg,  allg.  Ghent.  339  (1939), 

CoJlotcfal  Copper 

An  ammoniacat  solution  of  CuSO^  (1:1000)  is  treated  with  a 
dilute  Solution  of  hydraalne  hydrate  (1:2000)  in  the  presence  of 
acacia  (gum  arable).  The  hydrosol  obtained  upon  heating  is  im- 
mediately poured  Into  a parchment  paper  bag  which  has  been  pre- 
soakad  In  water  for  some  time;  it  is  dialyzed  against  water  for 
four  days, 

PROPERTIES: 

The  hydrosol  Is  copper-red  under  Incident  light  and  blue  under 
transmitted  light.  J£  protected  from  air,  it  is  stable  for  a limited 
time. 
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hkfcksnck; 

A,  0«Uil*r  *nd  G-  Hofmeior. 


Z.  anorg.  allg-  Cfeem,  {1905). 


Copper  Hydride 
CuH 


L 


4Cu)  + LiAlHj  = Ul  Alij  + 4CuK 

7C1.S  38-0  133.9  407.7  2SS-3 


A pyridine  solution  of  Cul  is  made  to  react  at  room  tem^ra- 
ture  ^th  a solution  of  UAIH^  in  ether- pyridine  (the  latter 
pnpared  by  mixing  a concentrated  ether  solution  of  LIAIH^  wiai 
KSite  pyridine),  yielding  a blood-red  pyridine  solution  of  CuH 
The  mixture  is  allowed  to  stand  at  room  temperature  for  4-6 
hours  to  complete  the  reaction.  The  Allg  co-product  is  sparit^ly 
flnhthle  jjn  pyridine  and  precipitat0s  to  a large  extent*  It  is  then 
readily  separated  from  the  clear  supernatant  liquor  by  contrifuga- 
Uoo.  The  residual  Allg  and  the  soluble  lil  are  separated  from  the 
r.iH  by  addition  of  an  at  least  equal  volume  of  other  to  the  pyridine 
The  resultant  red-brown  precipitate  of  CuH  is  separated 
by  centrifugation,  washed  with  ether,  dissolved  In  pyridine,  and 
reprecipitated  with  ether.  This  purification  procedure  ie  repeated 


twice.  The  ether  is  than  evaporated  in  a high  vacuum. 

The  reaction  may  also  be  carried  out  by  treating  a solution  of 
Col  in  pyrldine-tetrahydrofuran-ether  with  an  ether  solution  of 
lithium  aluminum  hydride.  Li  this  case,  CuH  precipitates  as  soon 
as  the  two  solutions  are  mixed,  while  both  Allg  and  Lll  remain  in 
solution.  The  CuH  precipitate  is  then  purified  as  above  (by  dis- 
solving in  pyridine  and  reprecipltatlng  with  ether). 


n.  PREPARATION  OF  COPPER  HYDRIDE  BY  REDUCTION  OF  SOLUTIONS  OP 
COPPER  SALTS  WITH  HYPO  PHOSPHOROUS  ACID 


A 65"C  mixture  of  25  g.  of  CuSO^-S  HgO  in  100  ml.  of  water 
and  20  ml,  of  2N  HgSO^  is  added  to  a solution  of  21  g,  of  HgPO^J^ln 
300  mL  of  water.  After  standing  for  24  hours,  the  resultant  pre— 
c^dtate  la  filtered  and  washed  successively  with  water,  alcohol 
ether,  Althoiugh  the  precipitation  is  not  quantitative  under 
fteae  ccndUions,  the  product  is  relatively  pure, 

halogen  ion  impurity  interfere 

irtti  the  precipitation. 


radPElTlEB: 

Ugbl  j^,j^brown  color.  Anhydrous  when 

(metastabie)  up  to  about 
•O'C,  deeempoaes  Into  the  elements  above  this  temperature,  and 
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rapidly  at  100  C,  Quite  stable  in  0*^C  water;  just  In  the  th^nxifll 
decomposition,  dissociates  Jiito  metallic  copper  and  Hg  from  4&*C 
raplmy  at  65*C,  Dark  red  pyridine  aolutlon*  Ciyatal  atnictiire; 
type  B4  {expanded  Cu  lattice).  Heat  of  formation:  5.1  teaVmole. 

REFERENCES: 

I.  E.  Wfberg  and  W,  Henle.  Z.  Haturforaoh.  Jb,  250  {1952). 

II,  O.  Keunhoeffer  and  F,  Nerdol,  J.  prakt.  Chem.  1«,  63  <1935); 

G.  F.  HUttlg  and  F,  Brodkorb,  Z.  anorg.  allg,  Chem.  153,  235, 
242  {1926),  — 


Copper  |)j  Chloride 
GaCI 

2CuSOh  + 2NiiCl  ^ SO,  + 2HsO  = 2CuCl  + Na^SO^  + 2H,SOi 

(5  HjO) 

-(99.^  IIfl.S  22.4  L 3C.0  19S,0  H2.1  196.2 

Gaseous  SO  3 la  bubbled  through  an  aequous  solution  of  50  g.  of 
CuS04'  5 HaO  and  24  g,  of  NaCl  at  60- 70®c  until  CuCl  ceases 
to  precipitate.  The  product  Is  auetion-filtered  and  washed  with 
sulfurous  acid,  then  with  glacial  acetlo  acid  until  the  latter  becomes 
colorless.  The  moist  product  is  placed  In  a shallow  dish  or  on  a 
large  watch  glass  and  heated  on  a water  bath  until  the  odor  of 
acetic  acid  is  no  longer  detectable.  It  Is  stored  in  a tightly  closed 
container. 

Alternate  methods:  a)  Acetyl  chloride  is  added  in  drops  to  a 
boiling  solution  of  cupric  acetate  in  glacial  acetic  acid  containing  at 
least  50%  of  acetic  a^ydrlde  by  volume.  When  the  color  changes  to 
yellow,  the  addition  is  stopped  and  the  mixture  is  refluxed  for  15 
minutes.  The  resultant  white  solid  is  suction-filtered,  washed  with 
acetic  anhydride,  and  dried  at  140-150“C  (D.  Hardt,  private  com- 
municatlonj. 

bj  Cupric  chloride  Is  heated  to  160-200*0  In  glycerol.  The 
CuCl  obtained  is  filtered,  washed  with  alcohol,  and  dried  In 
Vacuum  {B,  K.  Vaidya,  Nature  (London)  123,  414  (19 2 B)}, 

c)  Reduction  of  CuCla*2  HaO  In  a NasSO^  solution  (H.  N, 
Keller  and  H,  D.  wycoff  In:  W.  C.  Farnelias,  Inorg,  SynlheseB, 
Vol,  n.  New  York- London,  1946,  p.  1). 

d)  A solution  of  ctystalllne  CuClg  in  hydrochloric  acid  is  re- 

duced over  copper  with  exclusion  of  air  (use  a Bunsen  valvej  tot 
a description  of  the  valve,  see  Hackh's  Chemical  Dictionary,  3r4 
ed„  the  BUMston  Co.,  Phlla.-Toronto,  1944),  The  prodi^  is 
poured  into  water  (M.  Denlges,  Compt.  Rend,  Hebd.  Seances 
Acad.  Set.  108,  567  (1889)].  „ ^ ^ 

e)  A mixture  consisting  of  1 part  of  CuSO^-S  H^O,  2 paitene 
NaCl  and  1 part  of  Cu  turnings  la  heated  (use  a Bunsen  valve)  vilth 
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to  iMkfts  of  H.0  ““til  the 

S-l;  . . 

fl  finhUwif**'*"'^  of  commorcially  pure  CuCl  ove 
miL  SST«1  .rso.  .t  WO-C  [J.  B.  Wagner  ^ C.  Wagner. 

J.  Cbein^  Physics  1597  (1957fJ, 

SysON™: 

Cuprous  chloridfi, 

PROPERTIES: 

Formula  weight  99.00.  White  crystalline  material.  M.p.  432 “C, 
b.p,  149D‘C:dr  4.14.  3.677,  Sparingly  soluble  in  wate^ 

(35 *C):  1*53  g*/l00  (partial  decomposition  m water* 

Cu  + CvCla)  Forme  a green  basic  chloride  in  air.  Soluble  in  hot 
cone,  hydrochloric  acid,  cone,  alkali  chloride  solutions,  cone, 
acnieous  ammonia*  Crystal  structure?  type  B3.  Conversion  into 
high-temperature  modification  of  type  B4  at  410  C*  Heat  of 
formation  (35 *C);  — 33.2  kcal./mole, 

REFERE?^CEr 

M.  Rosenfeld.  Ber.  dtsch,  chem.  Ges*  13,  954  (1879)* 

Copper  \i]  Bromide 

CiiBr 

iCuSO*  - 2KBr  H-  SO^  t 2 HjO  ^ 2CuBr  + 2H-SO|  + K.SOi 
(5  H.O) 

499.4  mo  22,4 }. 


SflaO 


2H6a9 


19Sa2 


174  a3 


Stoichiometric  quantities  of  pure  CuSO^-S  HhO  and  KBr  are 
dissolved  in  boiled  distilled  water  and  the  solution  Is  filtered 
through  bard  filter  paper.  It  is  then  heated  to  a moderate  temper- 
ature and  a fast  stream  of  pure  SO^  ie  passed  through^  with  stir- 
ring, for  about  two  hours.  The  passage  of  gas  is  continued  until 
the  mixture  has  cooled  completely j the  CuBr  precipitates  In  the 
form  of  flue  yeHowish- white  crystals.  The  solid  Is  filtered  while 
carefully  excluding  all  lights  resuspended  5-7  times  in  boiled  dis- 
ta^  water  into  which  some  SOg  is  bubbled,  and  filtered  again, 
product  is  finally  washed  with  SOa-containlng  alcohol,  followed 

driedfor  3-4  days  over  HgSO * 
ud  in  a hydrogen  atmosphere,  and  then  In  vacuum. 

Acetyl  bromide  Is  added  to  drops  to  a 
of  cupric  acetate  in  glacial  acetic  acid,  containing 
^ anhydride  by  volume,  until  the  solution  be^ 

•SSSHiSlSto)*  *K»‘ws  p.  ffiu-dt. 
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h)  Another  starting  material  coneiete  of  the  mixture  ufle4  Itt 
the  prep^ation  of  ethyl  bromide  from  alcohol,  Br^  and  red 
phorus.  The  mixture  la  filtered  and  an  excess  of  CuSO^*^  H^O  le 
added  to  the  clear  solution.  The  dark  green  solution  Is  breast  to 
a boil;  c^stalllzatiou  soon  follows  fD,  B.  Briggs,  Jf,  Chem  See 
(London)  496  (1925)]. 

a)  Synthesis  from  the  elements  (J.  B,  Wagner  andC.  Wagner, 

J.  Chem.  Physics  1597  (1957)). 

SYNONYM: 

Cuprous  bromide. 

paOPEHTlES: 

Formula  weight  143,46.  Colorless  ciystala.  M.p.  498*C,  b.p. 
134S'*C;  4.72.  Insoluble  In  H3O;  soluble  In  bydrogen halide 

solutions,  nitric  acid  and  aqueous  ammonia.  Heat  of  forMatlon 
(25“C);  ~ 24.9  kcal,/ mole, 

CuBr  exists  In  three  modifications:  y-CuBr  (type  B3)  below 
391  ®C,  (3~CuBr  (type  B4)  between  391  and  470*C,  ot-CuBr  (cubic) 
above  47G“C. 


REFEHEtfCEt 

J.  II,  Frers.  Ber,  dtsch,  chem,  Gea,  377  (1928), 

Copper  [i]  Iodide 
Cul 


2CuSOi  + 2KI 
(5H,0) 

499.4  132.0 


+ SO,  + 2HjO  = 2CuI  + 2H*SO,  + K,SO* 


zui. 


ae-Q 


380.9 


isaa 


174.3 


The  compound  is  obtained  as  a pure  white  solid  by  predljplte-' 
tiou  of  a solution  of  CuS04-5  H3O  with  KI  In  the  presencet  bf 
slight  excess  of  sulfurous  acid.  The  product  Is  washed  with  watbi: 
containing  a smaU  amount  of  SOs,  then  (with  exclusion  of  e£r) 
with  pure  alcohol,  and  finally  with  anhydrous  ether.  It  is  tl^ 
filtered  with  suction  and  freed  In  vacuum  of  the  last  trades  Of 
ether.  Residual  strongly  adhering  traces  of  water  are  best  te* 
moved  In  a high  vacuum,  first  at  llO'C  and  finally 
above  400"C-  A better  product  Is  obtained  If  a small  quatra^y 
iodine  is  added  to  the  material  after  it  has  been  dried  at  110*P: 
This  iodine  is  entirely  removed  at  400*C, 

Altenuite  m&thods:  a)  Analogous  to  the  preparation  ™ . H 
from  tlie  r6 action  mixture  usod  in  the  uy^thosljs^  of  ethyl 
Ciystalline  Cul  le  t*tained  JD-  B,  Brlggfly  j-  Sc^e 

127,  496  (1925)]. 


M S«^s  from  the  elementa  [J.  B.  Wagner  and  C.  Wagner. 
JtdvMta.  P^jrsios^.  1537  (1957)]. 

STMtftlYK: 

Ctiprous  Iodide. 

pnopEirriES: 

Formula  weight  190.45.  Pure  white  ciystaUine  powder.  M,p. 
60$*C  b.p.  1336*C;  d5®  5.63.  Quite  stable  in  light  and  air,  melts 
without  decomposition  in  high  vacuum  and  In  a stream  of  oxygen- 
fne  Na.  The  Solidified  melt  is  clear  and  colorless  (impure  ma- 
terfAJs  yield  dark  melts}*  Insoluble  HaO;  soluble  in  acids  and 
aqueous  ammonia;  soluble  in  alkali  fadidos.  Heat  of  formation 
(2S“C):  - 16.2  kcaiymole, 

Cul  exists  let  three  modifications:  y-CuI  (type  B3)  beloMr  402  C, 
^-Cul  between  402  and  440*C,  and  ot-CuI  (cubic)  above  440‘'C. 

REFEREtfCE; 

C.  Tubandt,  E.  Riodtorff  and  W.  Jost,  Z.  anorg,  allg.  Chem.  ^5. 
195  (1927>. 


Copper  (li)  Chloride 
CuCl, 

I-  DOry ORATION  OF  THE  HYDRATE  !N  A STREAM  OF  HCI 

ftire  CuCl^*2  H^O  is  recrystallized  from  dilute  hydrochloric 
acid  to  remove  traces  of  basic  salt,  and  is  then  heated  to  constant 
weight  at  14(1-150*C  in  a stream  of  dry  HCI,  The  CuCl  a is  stored 
!■  a desiccator  over  HaSO^  and  NaOH  until  aU  remaining  traces  of 
adieripg  RCl  have  been  absorimd  by  the  NaOH, 

■-  Cu(CH,COOh  + 2 CHjCOC)  = Cud*  + 2 (CHjCO)jO 

1*1^  151.0  13^,5  204  j 

« CUPMC  ACETATE  SOLUTION 


iJ  ®®°^***^  ^ small  quantity  of  acetic  anhy- 
mSt  tf«  ^ Saxhlet  eitractor.  The 

Sryy  apparatus  Is  fUled  with  copper  tumtogs. 

^ apivent  U brought  to  a bolL  The  s^u- 
SFtfrjiujs  saturated  with  copper  acetate  after  1-2  hours. 
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B)  ANHYDROUS  CUPRIC  CHLORIDE 

Tbe  solution  prepared  in  the  Soxhlet  via  (A)  Is  allowed  tq  cool 
to  35 “C,  deoanted  from  the  solid  which  crystallizes  out,  apd  pre- 
cipitated at  40-50“C  with  the  stolcbtoixtetric  quantity  of  ace^I  chlo- 
ride, Calculation  of  the  stoichiometric  quantl^  may  be  based  on  the 
solubility  of  cupric  acetate  In  glacial  acetic  acid:  20  g^/Uter  at 
35 °C-  The  precipitate  Is  washed  with  either  hot  glacial  acetic  acid 
or  cold  acetic  anhydride,  both  of  which  may  be  removed  by  a final 
washing  with  anhydrous  ether.  The  product  is  dried  at  120*C, 

Alternate  methods:  a)  Hlgh-vaouumdehydratlonofCuCIa>2H20 
at  100“C  [W,  Blitz,  Z.  anorg.  allg,  Chem,  i«,  207  (1925)J, 

b)  Refluxing  of  CuCl^-  2 HaO  in  SOCI3,  RemovU  of  the  excess 
SOCla  by  distillation  and  evaporation  of  residual  solvent  In  vacuum 
[H.  Hecht,  Z.  anorg.  allg.  Chem,  2S4,  37  (1947)]. 

SYNONYM : 

Cupric  chloride. 

PROPEOTIES: 

Formula  weight  134.45.  Yellow,  deliquescent  mass.  M.p,6S0*C, 
b.p.  655"C;  d|®  3,387.  Solid>le  in  Ea©  and  alcohol.  Solubility  in 
ethyl  alcohol  (0'^C)31.9g.;  in  methyl  alcohol  (16,5*0)  67.8  gyiOO  ml. 
Soluble  In  acetone,  yleliRng  a dark  green  solution,  which  becomes 
yellow  at  high  dilution.  Heat  of  formation  (2S*C):  —49.2  kcaiymole. 

BEFEHENCES; 

I.  H.  C.  Jones  and  W,  H.  Veazey.  Z.  phys,  Chem.  £1,  654  (1908). 
H,  D.  Hardt.  Z.  anorg.  allg.  Chem.  (in  press);  private  cornmimt- 

cation. 


Copper  (U]  Bromide 
CuBrj 


I.  CuO  + 2HBr  ™ CuBri  + HiO 

79.S  ICLS 

The  stoichiometric  quantity  of  CuO  [op  Ctt(OH)a]  i»  dteso^Yed  in 
aqueous  hydrobromic  acid  and  the  solution  is  evaporate  d to  v^um 
over  HsS04.  , ‘‘‘ 

_ Cu(CH,COOh*HiO  + 3CH»C0Bt 

i»a6  388.9 


= CuBr,  + 2{CH,CO)^>  + CH,COOH 

22S.4  304.2  80-1  -^-9 

Finefer  divided  Cu(CH3COO),*  H^O  <4.0  g,.)  te  placed  in  a I^rex 
tubsTa  X 200  mm.)  which  Is  closed  off  with  a rubber  stopper 


Iftio 


o. 


ANO  H*  SAUES 


sst  ?ss.^s: 

£.5Sf  JLd  OH^to  ,^S»t  muld  1.  removed  by  m- 

SKJa  tta  oSr,  li  *.sh.a  3-*  tin«.w«h  abbydroob  bbbben.. 

The  product  la  dried  at  ISO^’C  for  two  hours  under  nitrogen. 


SWONYM; 

Cupric  bromide. 


PROPEHTCESt 

Black  crystals,  very  deliquescent,  M.p.  498*^0,  b.p+  900  C; 

4*710,  Highly  aohible  in  H^O,  yielding  a green  solution;  solu- 
bility * (15“C)  122  g*/l00  g,  soluble  in  acetone,  alcohol  and 

I^ridlne-  Dty  heating  causes  decomposition  into  CuBr  and  Bta- 
Evaporation  of  an  aqueous  solution  also  causes  decomposition  (at 
the  b.p,).  Depending  on  the  temperature,  CuBPa  crystaillzes  from 
aqueous  solutions  with  two  or  four  molecules  of  water  of  crystal 
Uzatiozit  yielding  highly  deliquescent,  brownish-- green  crystals. 
Crystal  structure:  monocUnlc,  Heat  of  formation  (25*^C):  ^ 33*2 
keal*/mole. 


REFERENCES: 

L L-  Vanino,  Handbuch  der  prap*  Chemle  [Handbook  of  Prepara- 
tive Chemistry]*  Part  I,  2nd  Ed„  Stuttgart,  1921, 
n*  G,  W.  Watt*  P*  Sd.  Gentile  and  E.  P*  Helvenston.  J*  Amer*  Chem* 
Soc,  77,  2752  (1955). 


Copper  Oxychloride 


2CuCU 


Cua,  Cu{OH)i 

^ CaCO,  + H,0  = CuCli*Cu(OH)t 


iOO.i 


L8.0 


mo 


CaCU  + CO* 

llin  22,41. 

^olehiometrlc  quantities  of  cupric  chloride,  calcium  carbonate 
water  are  allowed  to  react  in  a bomb  tube  for  48 
j’jrf’i  filtered,  freed  from  unreacted 

alcohol,  and  dried  in  a desiccator. 

several 

^o.  The  liquid  ie  deeaijted;  the  product  Is  washed  with 
^rted  JE.  Hayek,  z. 


Cnartiile) 
honrB  at 


aserg.  allg.  Chem.  210,  241 
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PHOPEBTfES: 

Dark  yeilowlBh“green  powder,  decompoead  by  bolUsg  mten 
Crystal  structure;  monocllnlo^ 

REFERENCE^ 

G.  Bousseau-  Compt,  Rend,  Hobd.  SdaucOfl  Acad,  ScU  110,  1262 
(1390). 


Copper  (I)  Oxide 
CviO 

1,  4Cu(CHiCOO}^  + N(H.  + 2HftO 

(1  H,0)  (I  H,0) 

79B-6  5&1  5&.0 

= 2CU-0  + N,  + 8CH,COOH 
£86,2  28.0  480-^ 

A 20%  hydra^lM  hydrate  solution  (3-5  ml*)  Is  added  to  50  ml, 
of  concentrated  copper  acetate  solution.  The  solution  turns  green, 
nitrogen  evolves^  and  a yellow  to  orange  precipitate  of  Cu^O  sepa- 
rates on  standing*  The  product  is  washed  with  HbO,  followed  by 
alcohol  and  ether.  Care  must  be  exercised  to  avoid  an  excess  of 
hydra Klne  In  the  reduction , since  such  an  excess  causes  reduction 
to  metallic  copper, 

n.  4Cu  + O*  = 2Cu,0 

254,2  22.4  L 256.2 


Small  copper  plates  (e*g,,  5 mm,  x 20  mm.  x 10  are  hung 
from  platinum  wires  placed  in  a vertical  tubular  furnace;  the 
latter  is  then  heated  to  1000*C  In  an  atmosphere  of  technical  grade 
Na  {1%  Oa),  While  bringing  to  the  desired  temperature  and  cooling 
down^  uBe  only  pure  The  reaction  Is  completed  after  al)o^ 
24  hours.  The  product  composition  corresponds  approximately  6?. 
CuaO  [of,  C*  Wagner  and  H.  Hammen,  Z,  phyBik,  Chem,  B40,  %91 


{1938)], 

Alternate  methods:  a)  Equivalent  amounts  of  CuO  and  Cu  ^ 
heated  in  vacuum  for  five  houfS  1000*0,  The  product  is  honi^ 
enized  and  reheated  |F,  W.  Wrigge  and  K.  Melsel*  anorff.  1 ^ 

Chem,  m 312  (1933)].  ^ i I 

b)  Reduction  of  FehUng's  solution  with 

[M.  C.  Neuburger,  Z.  Physik  67,  845  ^931)J.  _*  80*0 

c)  Electrolysis  of  a weakly  alkaline  solution  of  NaCl  at  ^ 9, 

using  copper  electrodes  [B.  B.  Dey.  A,  Joj^wao,  H.  V.^  ^ 

S.  Sampath  and  H,  Viswanathan,  J,  Sol.  i 

219  (1954);  Hire  Lai,  J.  Scl.  Ind.  Research  (&«**“)  ^ 


o.  (SLEMSER  amp  H*  SAUER 


Q^ptm^  oxide « 


PROPERTIES; 

fnannula  Mfelght  143,08,  Yellow  powder.  Hed  Cus9 
vellow  variety,  the  difference  In  color  bei^ 

Nation  of  Cu  and  Cn++.  Crystal  structure:  Heat  for^ 

matloo  (from  2 C«  + V.  O^):  -40,0  kcal^mole  (25  C). 


REFERENCES; 

1.  JVL  Straumanls  and  A.  Cirulls.  Z,  atiorg.  allg.  Chem.  HO 
{1935} 

LL  H,  Dimwald  and  C-  Wagner.  Z,  pihys.  Chem,  B22,  215  (1933); 
E,  Engelhard^  Ann.  Phys.  (V)  501  (1933)- 


Copp^r  (M}  Oxide 
CdO 


The  starting  material,  cupric  nitrate,  may  be  obtained  by  dis-^ 
solving  electrolytic  copper  In  nitric  acid  and  evaporating  tha 
solution  to  dryness  on  a steam  bath; 


2Cu(NOjh  = 2CuO 
t3H,0) 

JS3.i  m.\ 


4 NO.  ^ O, 


IS  JO 


32  .U 


TEie  cupric  nitrate  is  dried  In  a dtying  oven,  in  which  the  tem^ 
perature  is  raised  very  slowly  from  90  to  120"  C*  After  the  ma- 
terlaJ  has  been  completely  converted  to  the  green*  loose  basic 
salt  {24  hr^.),  it  Is  boiled  with  water  and  filtered.  The  dried  salt  is 
first  heated  slowly  to  400®C,  resulting  In  removal  of  most  of 
the  nitric  acid;  it  Is  then  pulverized,  slowly  heated  further  to  S50"C, 
and  maintained  at  this  temperature  for  one  hour.  It  Is  again  ground 
to  a fine  powder,  reheated  for  several  hours  to  about  700 "C,  and 
aUowed  to  cool  in  a desiccator. 

mefAo*:  a)  Precipitation  of  Cu(OH)a  from  a CuSO* 
ajumonla,  followed  by  calcination  toCuO,  The  product 
to  tr^  of  B^ate.  CalcinatlOA  temperature  600-700*0  FA.  A, 

® Up  lies  (1938)1, 

oC  Mr?S*^VH“  n foJUt  1000*0  in  a stream 

« pur^Og  [H  H.  von  Baumbacb,  H,  IDtlnwald  and  C.  Waffner  Z 

H,U«.  P. 


19.  COPPER,  SILVER,  G0L£> 


c)  Precipitation  from  CuCla-4  K^O  with  aodlum  bydroKU* 
the  presence  of  CHaOH  [B.  Frlcke  aixd  J,  Ribach,  Z*  Elektsocliem. 
76  {1949)1. 

SYNONYM : 

Cupric  oxide, 

PHOPt:  RTIES: 

Formula  weight  79.54,  Black  powder.  M,p,  1S36*C;  6*315. 

Soluble  in  acids  and  ammonia*  After  oalcioation  at  high  tempera- 
tures, soluble  only  in  boiling  cone,  acids*  Ciysta!  structure:  type 
B26*  Heat  of  formation  (2S®C);  — 37*1  kcal,/mole* 

REFEHENCE: 

B,  Huer  and  J.  Kusohmann.  Z.  anorg*  allg,  Chem«  X54.  69  (1926).  - 


Copper  (11}  Hydroxide 
Cii(OH), 

CuSOi  + 2 NaOH  = Cu(OH),  + NaiSO* 

tSHiO) 

&-J97  80,0  97.e  142.1 

L A solution  of  CuSO^*5  HgO  is  treated  at  70*C  with  10%  aqueous 
ammonia  until  a deep  blue  color  appears.,  The  solution  is  then  al^ 
lowed  to  react  with  the  stoichiometric  quantity  of  HaOH*  yielding  a 
precipitate  which  settles  well*  This  Is  fllteredi  washed  repeatedly 
with  warm  water,  and  dried  in  vacuum  over  cone* 

n.  Aqueous  ammonia  Is  added  in  drops  to  a boUir^g  solution  ot 
CuSO^-S  HsO  until  the  Initially  green  precipitate  acquires  a bhi6 
color.  The  crystalline  basic  sulfate  thus  obtained  is  filtered  and 
carefully  washed  with  water*  It  Is  then  digested  with  a moderately 
concentrated  NaOH  solution,  filtered,  washed*  and  dried  in  vacuum 
over  CaO  or  H3SO4* 

SYNONYM: 

Cupric  hydroxide*  ' r, 

PROPERTIE&J 

Light  blue*  crystalline  powder*  Insoluble  in  HgO;  sclut^  te 
acids  and  aqueous  ammonia;  fairly  soluble  in  concentrated 
The  oiyetalllue  form  is  stable  at  100  *C,  Heating  of  the.£?Si^S^ 


O,  «SL£MSC"  SAUER 


results  In  eonvetslod  to  black,  water“ 

bcftiymoJe. 

REFERENCES: 

L A,  K,  Agte  and  N*  S.  Golynko*  Trudy  Lentogr*  Khim*-Tekh. 

IL  Le  V^ntoJ  and  E*  Engert.  Chemlker-Ztg,  j 

B*  Rdttgor,  Jk  prakt,  Ghem+  491  (lS5S)i  R-  Frloke  and 
J,  KuJbach*  Z-  Elektrochem,  '76  (1^49 K 


Patos$!um  Cuprote  (HI) 

KCuO* 

A mixture  of  any  available  finely  divided  potassium  oxide  with 
CuO  is  h6atedto400-500^C  in  carefully  dried  oxygen  at  760  mm.  Hg. 

POTASSIUM  OXIDE,  KO, 

The  sealed  (£0  om-  long)  glass  tube  d containing  distilled  po- 
tafsium  is  placed  in  the  constricted  side  tube  h of  the  apparatus 
depicted  in  Fig,  276;  the  system  is  evacuated  and  flame-dried, 
then  filled  with  dry  nitrogen;  tube  a Is  fixed  so  that  It  slopes 
somewhat  toward  c+  Tube  d Is  raised  above  h and  its  lower  end 
broken  in  a stream  of  nitrogen;  It  is  then  replaced  in  by  meatis 
of  a wire  attached  to  hook  c*  The  system  is  again  evacuated;  the 
potassium  inside  h is  melted  and  allowed  to  flow  Into  care  being 
talten  to  avoid  plugging  of  the  gae  inlet. 


F%.  27fi,  Preparation  of  finely 
(ilvided  potassium  oxide. 


admixing  increasing 

Hr  tneans  of  f t?®  adjusted 

Mhant  loose  u i.  /eaction  is  complete,  the 

(Pte.  SS*  to  a atpi^Tv.^  ^ ^ vacuum  ball  mill 

anppetos,  ^ stored  in  sealed  glass 
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ANALYSIS:  - j - 

Potassium  ts  det^rmisEd  as  KOIO^  the  product  tnay 
hydrolyzed  and  titrated  as  KOH* 

m RRACTION  OF  KO*  Wrm  CiiO 

The  potassium  oxide  prepared  in  (A)  la  ground  with  the  stolchlo- 
metric  amount  of  CuO  (K:Cu  = l:l)  In  the  vacuum  baUndUl 
mentioned  above.  The  grinding  Is  carried  out  with  careful  exolu^ 
sioa  of  moisture,  and  ie  continued  until  the  powder  clings  to  the 
walls.  This  usually  takes  5-20  minutes.  The  Inner  ground  lotnt 
S2  of  the  ball  mill  is  then  connected  to  the  outer  joint  cl  the 
transfer  device  shown  In  Fig.  277  In  such  a manner  that  the  T- 
shaped  transfer  piece  Is  horizontal.  It  contains  a movable  alu- 
minum pin  n which  fits  fairly  loosely  into  opening  s®*  To  start 
with*  J3  is  cloaed  off  with  a ground  cap*  The  mixture  of  oxides  is 
transferred  from  the  ball  mill  to  the  transfer  device  by  shaking 
and  knocking  at  the  walls*  The  transfer  device  Is  discoimected 
from  the  mill  in  a stream  of  diy  Ng  and  joint  is  closed  with  a 
ground  stopper;  cap  is  then  removed  and  is  connected  to 
joint  on  the  side  tube  a of  the  main  apparatus  of  Flg«  2T7«  A 
silicon  carbide  boat  k Is  located  exactly  below  Stopper  sa  is 
removed,  dry  is  introduced  through  and  a small  portion  of 
the  material  is  pushed  into  the  boat  by  raising  and  lowering  the 
aluminum  pin  n * Careful  shifting  of  the  boat  followed  by  repeated 
movement  of  the  pin  allows  the  boat  to  be  filled  completely* 


Fig,  277,  Charging  and  heating  of 
the  KOjc-^CuO  mixture. 


While  the  stream  of  dry  continues  to  flow,  the  boat  te 
to  reactor  tube  *?t  placed  In  furnace  o (Figp  277),  which  oon^l^S^. 
an  electrically  heated  quartz  tube  surrounded  by  a 
protective  tube.  The  mixture  Is  heated  to  450  C in  very 
the  formation  of  KCuO 3 is  complete  after  24  hours/  . . 

PROPEHTffiS:  , 

Formula  weight  134.64,  Ciystalline  powlei,  pteol 

blue.  Decomposes  vigorously  In  water,,  yielding  e 

■ : 


tot« 
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»Molnlute  Decomposes  la  dilute  adds,  evolving  forming 

chlorine  and  oxygen  In  oonc.  l^ydrochlorio 

SiL^ Dwomposes  with  loss  of  weight  on  heatl^  * rav 

oijgen.  Nonmagnetic:  shows  a characteristic  x-ray 

diffraction  pattern. 

REFSREKCE; 

K.  Wehl  and  W.  Klemm,  Z.  anorg.  allg.  Chem.  69  (1952). 


ScKweizer’i  Reogeot 


L Copper  turnings  are  covered  with  20%  ammonia  containing 
some  NK*C1,  and  air  is  bubbled  through  the  suspension.  An  azure- 
blue  solution  of  [CuiNHj)  J (OH)a  is  formed.  Evaporation  of  the 
solution  in  a stream  of  dry  NHs  yields  long,  azure-blue  needles  of 
rCu(NHa)  J (OH),. 

It  Freshly  precipitated  Cu(OM)g  is  dissolved  in  20%  ammonia 
solution. 

J^flOpEHTlES; 

Formula  weight  165.68,  Schweizer’e  reagent  dlseolvee  cellu- 
lose, 

REFEaENCE: 

M.  E.  Schweizor,  J.  prakt*  Chem,  72,  109 ^ 344  {1BS7), 


Copper  jl)  Sutffde 

CpiS 


2Cu  + S ^ CutS 
m.l  32.1  150.1 


a Of  stoichiometric  quantities  of  Cu  and  S Is  placed  In 


^ontalDfl  V6?y  pure  Cu  at  oua 
• JurtOed  by  tha  atuichlometrio  UUBBtity  of 

L^SSSa^r  SX  , uT  <P-  3*a>.  Thu  roaoHoa 

Cupric  sulfide  is  heated  in  vacuum  to 
meittic  point  of  cuprous  sulfide.  The  reaction  Is  preferably 
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carried  out  in  a graphite  crucible  inside  an  evacuated  tube  |E* 
Posnjak,  £,  T,  Alien  aiid  H,  E,  Merwln*  Z,  anorg«  allg^  Chem«  #4, 
95  {ins)i  — 

b)  Cupric  sulfide  obtained  by  precipitation  from  a C11SO4 
solution  with  Is  reduced  in  a stream  of  The  opttmojii 

conditions  are;  a temperature  of  700*C,  a gas  composition  of  4*6% 
H3  and  95,4%  and  a reaction  time  of  one  hour.  The  product 

is  crystalline  and  quite  pure  [N*  P,  Diyev  and  E,  M.  Yakliiijets, 
lav*  Ural.  FU,  Akad,  Nauk  SSSR  1^,  No*  9,  5\  abstract  InChem. 
Abstr,  13t638a]* 


SYNOir™; 

Cuprous  sulfide, 

PROPERTIES: 

Blue  to  blue-black*  1127“C;  5,6,  SolubiUty  (lB*C)i 

4,95  X 10  gyiOO  g,  HeO*  Very  sparingly  soluble  In  hydrochlorle 
acid.  Heat  of  formation  {25"C):  —19*6  kcaiymole* 

Exists  in  two  modificationt  (}-Cu^  (hexagonal)  below  91®C, 
ci-Cu^  (type  C 1)  above  91*C*  The  latter  exists  only  with  a copper 
deficiency*  the  composition  being  approximately  Cu^.^S, 

I.  P*  Rahlfs*  Z*  phys.  Chem,  (B)  31,  157  (1936);  P*  Hamdohr*  Z* 
prakt*  GeoL  1 (1943), 

II,  C,  Wagner,  Private  oommunication. 


Copper  (1)}  Sulftde 
CnS 

Cu  -5-  S ™ CuS 
63,5  32.1  &56 

The  sulfide  precipitated  when  cupric  salt  solutions  are  treated 
with  is  not  unlforjn,  A better  product  le  obtained  from  the  re- 
action of  a solution  of  sulfur  In  CS  ^wlth  pure  copper  powder  obtained 
from  copper  oxalate*  Copper  from  CuO  is  unsuitable;  it  stroagjy- 
abaorbs  vapor  and  thus  still  contains  some  oxygen* 

A)  COPPER  OXALATE 

A Bolution  of  CuSO*  - 5 HgO  in  water  is  reacted  with  an  equal 
volume  of  couo.  HgSO,.  The  solution  Is  brought  toaboiUanda 
slight  excess  of  boiling  aqueous  oxalic  add  is  introduced  in  a tldn 
stream.  The  ciystalllne,  easily  filtered  oxalate  is  repeated^ 


O,  AND  SAUER 


^ ™ water,  filtered  through  a filter  oruoihje.  end 

tevAur  imhei  uutU  oo  eotd  een  be  detected. 

n COI>PEn  POITDCR 

Tto  ouppor  oxauto  Is  heated  at  l30;c  to  reinoi^  as  much 
wMter  cf^yetaUlzetioii  as  possible.  It  is  then  placed  in  an 
eleelrte  ftinSce  and  heated  to  320*C  in  a stream  of  ^rifled 
ne  decomposition  starts  suddenly  and  la  ^ 

In  temperature.  Heating  Is  continued  at  220-260  C,  and  the 
product  is  then  allowed  to  cool  (both  operations  are  conducted 
under  a stream  of  Hah  The  copper  powder  Is  stored  under 
hydrogen. 


D COPPER  SULFIDE 

The  copper  powder  obtained  above  is  finely  ground  and  covered 
with  CSa  in  a beater.  Somewhat  more  than  the  theoretical  amount 
of  S is  dissolved  In  a large  volume  of  and  added  to  tbe  contents 
of  the  beaher  <tbe  sulfur  rei^ulrod  may  be  obtained  in  sufficiently 
pure  form  by  dissolving  pure  S in  CS^,  filtering  the  solution 
through  a glass  filter  crucible,  and  precipitating  the  filtrate 
with  low^boUing  petroleum  ether)*  The  resultant  CujS  is  trane^ 
ferred  with  the  adhering  CS^  to  a bomb  and  covered  with  twice 
the  amount  of  S retjulred  for  the  formation  of  CuS,  The  bomb  is 
fffled  as  completely  as  possible  with  CS^  and  scaled.  Then  it  is 
rotated  along  Its  long  axis  for  four  hours  while  surrounded  wl± 
steam.  The  bomb  is  opened  and  contents  filtered  through  a glass 
niter  crucible  and  washed  with  CSa;  the  residual,  adhering  CS a 
la  removed  in  vacuum*  The  product  is  dried  for  1-2  hours  at 
9D-100"C  in  a vacuum  of  0,1-1  mm, 

STNOWTM: 


Cuprfc  sulfide. 


PSOPEHTIES] 


■WwS  waf£e  to  * ^ aJidaUali  poly  sulfides.  SolTibte 


M,  rMtoek  Md  O.  Doi»*r.  z. 


“wrg.  allg,  Ctom.  223  (1928). 
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1W1« 


Copper  {))  Selenide 

CutSe 

2Cu  + Se  = Cu|Se 

127.1  7fl/l  206.0 

Selenium  vapor  carried  in  a stream  of  nitrogen  Is  passed  over 
Cu  placed  in  a porcelain  boat.  The  Se  Is  also  In  a porcelain  bohi 
located  ahead  of  the  Cu  In  the  quartz  reaction  tube.  Afhemtsl 
gradient  Is  obtained  by  means  of  two  electric  heaters  which  main- 
tain the  temperature  of  the  Cu  at  about  400^C  and  that  of  the  Se 
at  about  300‘C.  A well-orystallized  product  Is  obtained. 

Altei^te  methods:  a)  Heating  a stoloblometrlc  mixture  of  Cn 
and  Se  In  an  evacuated,  sealed  quartz  tube  {P.  Bahlfs,  Z.  phys. 
Cbem.  (B)  31,  1957  (19 M)]. 

b)  Preparation  of  Cu^  CuSe  from  Cu  and  Se  In  a Cu^04 
solution  EC.  Gorla,  Gazz.  CMm.  Ital.  1$,  461  (1940)]. 

c)  Passage  of  through  solutions  of  Cu  salts.  Formation 

of  CuSe  and  Cu^e  (L.  Moser  and  K.  Atynskl,  Mh.  Chemie  4^  23S 
(1925)J, 

d)  Keductlon  of  the  basic  selenite  CuO  • CuSeO^  [W.  Geilmamt 
and  F.  R,  Wrigge,  Z.  anorg.  aUg.  Chem.  2X0.  373  (1933)]. 


SYNONinrt,- 

Cuprous  selenide. 

PHDPESTIES: 

Black.  d|^  6.84.  Exists  in  two  modifications:  tetragonal 
^-CuaSe  (below  110"C),  cubic  ct-CugSe  (above  110*C)  (essentlaHy 
a defect  lattice  deficient  in  copper).  Heat  of  formation 
-’14.2  kcal./mole. 

BEFERSNCESi 

P,  Bahlfs.  Z.  phys.  Chem.  (B)  157  (1936);  W-  Borchert. 

Krletallogr.  106,  5 (1945);  G.  Gattow  and  A.  Schneider, 
anorg,  allg.  Chem,  386  . 296  (19S6), 

Copper  (t]  Telturide 
CutTe 

£Cu  4"  Te  “ CuiTe 
127.1  1S7S  254.7 

Obtained  by  fusing  electrolytic  Cu  with  pure  To  In  a 
under  & protective  layer  of  NaCl  and  KCl.  ' ‘ ■ 


c.-v  n' 
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SXNOtmt; 

Q^prcus  tQllurldSi 


PUCffKRTlKS! 


OrM^Wue,  brittle;  hom<^«aeous;  contains 


Ta.  M4».  'abiet  900'C.  d*/  7.338,  Crystal  structure: 
type),  dfifoot  lattice  at  Cu  <2  Te. 


33  and  35  atom% 
bexag-onal 


HKFCREHCE; 

H.  NcwoUiy-  Z.  ^tallforscb,  <MetalUomde)  1.  40  (1946). 


Copper  {t]  SirHnte 

CuiSO| 

2 Cu  2HsSOj  ^ CujSOi  "1“  3HaO  SO* 

127,1  J96.’i  223-1  36,0 

Copper  turnings  are  placed  in  cone*  H^O^at  a temperature  of 
aOO^C.  The  resultant  greea  solution  Is  ad^d  drcpwlee,  through  an 
asbestos  filter,  to  an  alcohol- ether  mixture  (Itl)  or  to  methanol, 
causing  Cu^O^  to  precipitate  in  the  form  of  almost  white  crystals. 
The  product  Is  decanted,  washed  with  alcohol,  and  dried  in  vaciium, 
ft  cannot  be  prepared  by  treating  CuCl  or  CuT  with  H^O^, 

Aitemite  fnethod:  Double  decomposition  of  Cu^O  with  neutral 
dimethyl  sulfate  under  anhydrous  con<iltlons  [A*  Recoura,  Cemptes 
Hen4is  Hebd.  Sdancea  Acad*  Sci*  US,  11 05  (1909)]. 

SYWONYM: 


Cuprous  sulfate, 

PBOPEJltDESi 


t«  Decomposes  in  water 

atr  in  dry  air;  decomposes  slowly  in  moist 

beatitig;  oxidizes  at  aoO'C  to  CuO  and 
0*80^  Heat  of  formation  <25«C):  -197,3  kcaUmole. 


vraoNCE: 


/.fl*  r,  Hfuce  aiul  G.  Fowies,  Chem,  News  137,  385  <1923), 
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TetraommiD^copper  (11)  Sulfoto 
[Cn(NH^)jlSO,  ’ HtO 

CuS0i‘5H,0  + 4NHs  = [Cu(NHj)^]SO* ' HiO  + 4H,0 

a4&-7  eSl  245^  72.1 

A solution  of  50  g.  of  finely  divided  CuSO^  * 5 in  75  mL 
cone,  ammonia  and  50  mh  of  water  is  filtered  and  precipitated  by 
elow  addition  of  75  ml.  of  alcohol.  After  standing  for  several  hours 
In  the  cold,  the  ciystals  are  filtered  on  a BUchner  fuimel,  waeihed 
with  a mixture  of  alcohol  and  conc«  ammonia  (1:1)  and  then  with 
alcohol  and  ether,  and  dried  by  suction. 

Large  crystals  may  be  obtained  by  covering  a layer  of  nloohol 
with  a layer  of  an  ammonia  solution  of  CUSO4  (G«  Boraemaim* 
Anorgan.  Fraparate  [Inorganic  Preparations Leipzig,  1926 »p*  156), 

SYNOlffYNt: 


Cuprammonlum  sulfate. 

PROPERTIES: 

Deep  blue  crystals.  di°  1,81,  Solublllly  (21.5^0);  18.5g*/100g, 
HgO,  Decomposes  In  air,  LoseaH;^and2NH3  on  beating  to  120*C; 
the  remaining  ammonia  is  evolved  at  160*C, 


REFERENCES; 

H,  and  W,  Blitz.  fJbungsbelspiele  ausdoranorg.Chemle  [Exercises 
in  Liorg,  ChemJ,  Leipzig,  1S20^  F,  Mazzi,  Acta  Ciyst,  ^ 
137  (1955);  M,  Slmersk£.  CzechosL  J*  Phys-i  3 (1954), 


Copper  {1}  Nrtride 


Cn,N 


This  compound  is  prepared  by  treating  CuP « with  SHa* 
A)  STARTING  MATERIALS 


1,  According  to  L,  Balblano  {Gaza*  Chim,  8al* 

CuFa  * 2 HsO  is  prepared  by  dissolving  GuO  in  40%  hydrafniorte 
acid,  precipitating  the  fluoride  with  alcohol  1 and  ds^yinS  iftsf 
vacuum, 

2,  NH4F  Is  dried  In  vacuum  over  NaOH»  ^ j 

3,  NH  a and  N a are  carefully  dried. 


(Mt 


O,  OL€M*ER  AND  M,  SAUER 


PPlYMtATlON  OF  CitFi  ‘ 2H2O 

AlMut  1 S 2 Of  a mixture  of  5 parts  of  CuPa  ' 2 H3O  and  1 part 
of  imp  to  *'  SonuwJuni  boat  planed  in  a quartz  tube  set  In  ^ 
ftirwce.  IS  slowly  heated  for  two  hours  o 
S?S*torstreain  of  N,.  fThe  NH^F  serves  to  depress  hydrolysis 
the  delydratlou.) 
a PREPARATION  OF  CujN 

The  anhydrous  CuF^,  at  2S0*C  (see  above),  is  Immediately 
reacted  for  three  hours  at  the  same  temperature  a fast 

stream  of  NRa.  Heating  above  300*C  gives  products  deficient  in 

nttrogon. 


STKOHYMt 

Cuprous  nitride. 


VnOPEmtES; 

Formula  weight  204,63.  Dark  green  powder,  stable  in  air  at 
room  temperature;  oxidises  at  400*C  in  a stream  of  Oj  with  pro- 
aouDced  incandescence.  Decomposes  spontaneously  in  vacuum  at 
about  450*C.  Soluble  in  dilute  mineral  acids  and  cone,  hydro- 
chloric acid  with  formation  of  the  oorresponding  ammonium  salt 
and  partial  formation  of  Cu  metal.  Decomposes  violently  with 
cone.  H^04  and  HNOa.  d|*  5.84.  Crystal  structure:  type  DO 9, 
Heat  of  formation  (25”C>:  +17.0  keal./mole, 

ttEFERSNCtS; 


R.  Juia  and  H.  Hahn.  Z.  anorg.  allg.  Chem.  23&,  202  (1938);  241. 
m (1939);  R.  Juza,  Ibid.  24§.  ^18  (1941), 


Copper  (11)  Azide 


Cu(N,}i 

Cu(NOj),  + 2NaN,  = Cu(NjJ*  + SNaNOs 
(3H,0) 

1300  147.6  170.0 

^ • 3 HsO  In  200  ml,  of  H3O  Is 
^ solution  containing  2.5  g.  of 
■we^  itmeis  suction-filtered  and  washed 

^ T**®  ^ to  stand  24 

flf  ?i  of  hydrazolc  acid,  suction- 

Tl^virfd^  aad  ether,  and  dried  at  room  tom- 

■ *IUi  a reddih^huS*  ^ ® 
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*mk 

Alternatively,  finely  powdered  basic  CuCO^  may  be 
with  an  exceaa  of  1%  HN  ^ after  which  the  workap  Is  the  aame  a#' 
above-  .V'^ 

Alternate  methods:  a)  Keactlon  between  CufSO^J^  * 3 H^O  tiiujl 
1j1N3*  H^O  in  alcoholic  solution  and  decomposmon  of  Uie 
Cu(N^^3*  2 NH^  tM,  Straumania  and  A.  Clrulis,  Z,  anorg^  .aUr, 
Chem.  2^  315  (1943)]. 

b)  Determination  of  aaido  nitrogen  according  to  F*  Felgl  and 
E,  Chargaff,  Z,  anaU  Chem,  376  (1938), 

SY[^ONVM: 

Cuprous  aicide. 

PKOPEHTTES: 

Black-brown  powder  or  blaok-brown,  opaque  crystal  needlee, 
depending  on  the  method  of  preparation*  Very  sparingly  soluble  to 
H3O  and  organic  solvents.  Readily  soluble  to  aotds,  including 
CH3COOH,  and  In  ammonia.  Decomposes  on  heating  to  atr  tote 
Cu  and  Can  be  easily  reduced  to  white  3 to  an  aqueotts 

solution  of  hydrazine.  Crystal  structure;  orthorhombic- 

Explosive  properties:  Harmless  when  moists  quite  sensitive 

to  rubbing  when  dry  or  moistened  with  ether*  Explodes  when 
placed  in  a flame.  Six  times  stronger  than  and  450  timed 

stronger  than  mercury  fulminate  when  used  as  a detonator, 

REFERENCE; 

M,  Straumanls  and  A*  Cirulis,  Z,  anorg*  allg,  Chem,  251,  316 
(1943)* 


Copper  Phosphide 


Ca,P 

SCu  + P ^ GuaP 
1906  3t-<)  221^ 

Btoiohiometrlc  amount  B of  Cu  and  red  P are  heated 
hours  at  640"C  fa  an  evacuated,  sealed  Vycor  glass  tuto, 
action  product  la  homogenized,  melted  In  a sealed 
and  heated  for  five  hours  at  1000*C, 

PSOPEHTEES: 

Silvery,  shiny  material  with  metallic  appearapoo,. 
nitric  add*  dg®  7.147.  Crystal  stmoture;  hexa|;ftPal.  Ksal' 
mation  (2$*C):  — 36.0  l^ajymoie.  . .^s. 
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IttIKMMCK: 

Copp®)'  Diphoiphido 


r:,.P. 


CujP  + 5P  = 3CuPs 

a21,6  IM.S  S7S.S 


A mixture  of  Cu^P  with  the  calculated  amtnmt 
|)boniB  is  heated  in  a quartz  tube  for  24  hours  at  600 


of  red  phoS“ 
G. 


PmPERTlES; 

Fonnula  weight  125.49.  Gray-black,  grainy  powder.  Slowly 
dissolves  in  boiling  nitric  acid  (1.2).  d”  4.201.  Heat  of  formation 
(25*C):  ”23.5  kcaiymole. 


REFERENCE: 

H.  Haraldsen.  Z.  anarg.  allg.  Chem.  240,  33?  (1939). 


9o  sic  Capper  Cafboncitd$ 

CaCOi ■ Cn(OHh  (Greon  Cupric  Carbonate) 

2Cu{NO,),  + 2Na.COj  + H,0 

(3  H,o] 

-183,2  212.0  IS.O 

= CuCO,-Cu(OH),  -K  CO*  + 4NaNO, 

231 -S  44,0  ^MO-0 


An  a4u6ou8  solution  of  Cu{NOgjg  - 3 H^O  Is  allowed  to  react  at 
^ipperature  with  a solution  contatoii[|g  the  equivalent  amount 
potaSBilun  carbonate.  The  greenish  bltte,  partially 
oDlMdftl  precipitate  of  varying  composition  that  forms  is  grad- 

SSrt  mother  liquor  into  crystalline 

0^3-Cn(^>^  Instead  of  CufNOgls’ SHgO,  CufCH^COO)-*  H-O 
ercwo^- 5 HaOniay  be  used,  '» 

oi  IN  CuSO* 

. - Ka^O,,  followed  immediately  by  filtering, 

standing  for  24  hours 
Z,  anorg . allg.  Chem,  24,  127  (1900)1, 
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b)  Hot  CuSO^  solution  Is  precipitated  'With  eodhm  liydn^dde* 
The  precipitate  Is  decanted  and  washed  until  the  solid  Is  fyw  pf 
alkali*  It  is  then  dissolved  In  acetic  acldt  the  solution  le 
to  dryness  f and  the  residue  istakenupln  water  and  added  to  a 
solution  containing  4/5  of  the  equivalent  quantity  of 
super natant  is  decanted  and  the  precipitate  Is  washed  with  hot 
water  and  dried  [W*  C*  fi^olds,  Proc,  Chem,  Soc.  (Lctidoiit 
190,  53  (1897/98)1. 


PaOPEirTTES: 

Malachite- green  ponder ^ Insoluble  In  HgO,  soluble  lit  aqueous 
ammonia.  On  boiling  In  water » particularly  when  the  latter  contatrES 
alkali  carbonate,  deposits  brown  oxide.  Stable  to  ISO^C  In  the 
absence  of  alkali,  decomposes  at  220*C.  Unstable  toward  HaS* 
d|^  3,85, 


reference:: 

G,  Bornemann,  Anorg,  Prgparate  {Inorganic  Preparations],  Leipzig^ 
1926,  p.  156. 


2CuCOrCu(OH)^  (Blue  Cupric  Carbonate) 

3Cu(NO,),  + aCaCOn  + 

{3  HjO] 

7fi4^  ^.3  lao 

- 2CuCO,  Cu(OH)i  + 3Ca(NO,)i  + CO, 

344.7  492,3  2^.4 

A solution  of  copper  nitrate  is  mixed  with  an  excess  of  piecf^ 
of  chalk,  and  the  mixture  is  placed  in  a large- diameter  tube  ^ 
strong  glass  connected  to  a mercury  manometer.  The  tube  le 
sealed*  The  a^urite  forms  at  room  temperature  when  the  Uber^te^ 

CO 3 creates  a pressure  of  5-8  atm*  . , 

Alternate  methods:  a)  From  precipitated  green  basic 
carbonate  under  a CO3  pressure  of  4 atm-  The  reaction  is  mar&i^iw^  . 
accelerated  by  the  addition  of  azurite  [V*  Anger,  Comptes 
Hebd*  Stances  Acad,  Scl*  158,  944  (1914)]*  , 

b)  A soluble  copper  salt  is  added  in  portions  to  a solutl^:^  ^ 
containing  Na^COg,  NaHCOg  and  suspended  blue  copper 

A new  portion  is  added  only  after  the  previous  one  has  beek 
verted  from  the  green  basic  carbonate  to  the  blue  (V* 

loo*  Clt,},  . V 

c)  Formation  from  CuCO^  * Na^Og  ^ 3 H^aO  (re 
NaHCOg  solution  and  precipitated  basic  GuGOg):^^ 

40  atm,  [V*  Auger*  loc*  oit,]* 


moist  m \ 
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hcMH^TIKSc 

AMPa-bte«  powder.  M.p.  (dec.)  ,^'5®* 

hM^uTin  water  Converts  to  the  greon  compound  in  humid  air. 

?lKkttblC« 


KEFE HENCE: 

B.  J.  Debray.  Comtrtes  Hendus  Hebd,  Stances  Acad.  Scl.  218 
(IS59). 


Copper  (l|  Acelylide 


Cu,C,H,0 

2Ci!Cl  + H,C.  = CuiCt  + 2HC1 
tH.O) 

m.o  22  4 u '^2-9 


Pure  CuCl  (10  g.)  le  added  iu  vacuum  to  a solution  of  30  g.  of 
NH4CI  in  100  ml,  of  HaO;  it  dissolves  after  addition  of  50  tnl,  of 
cone.  anuQoaia,  A solution  of  20  g.  of  hydro:H;ylammonium  chloride 
in  100  ml.  of  H^O  is  then  added,  and  the  entire  mixture  is  diluted 
with  150  mi.  of  HaO.  The  solution  becomes  completely  colorless 
alter  a few  minutes.  It  is  then  siphoned  into  an  evacuated  vessel, 
and  acetylene  Is  introduced.  The  acetylene  (from  a steel  cylinder) 
passes  through  a purification  train  consisting  of  sealed  wash 
bottles  equipped  with  fritted  glass  plates  and  filled  (in  succession) 
wfth  HgClaeolution,  2N  NaOH,  CufNOa)  sinaltric  acid  and  2N  H aSO* , 
followed  by  two  wash  bottles  filled  with  2%  lenco-^lnd^o  carmine 
solution  (made  from  Indigo  carmine  and  zinc  duet),  for  the  detection 
and  absorptioq  of  02»  and  a glass-'bead  trap  for  catching  any 
entrained  liquid  droplets.  Upon  contact  with  the  cuprous  salt 
sobitlon.  acetylene  produces  a bright  red,  flocculent  and  vety 
TDhiminous  precipitate.  The  product  is  suction-filtered  on  a 
Wtted-giaBB  funnel  and  washed  with  boiled  water  and  acetone, 
, operations  being  carried  out  in  vacuum.  Alter  thorough  suctfon- 
ft  is  dried  at  lOO'C  (la  high  vacuum)  in  a drying  pistol. 
The  product  contains  about  95%  Cu-^-  - HgO  and  is  stored  in 
ampoules  filled  in  high  vacuum. 


rr yr^**"*^  po^r.  Insoluble  in  H^o.  soluble  In  HCl  and 
^ A , H « jL.  beating  with  HCl,  moist,  freshly  prepared 
«f  e^rUai  r^f  CuCl  (and  a email  amounit 
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i«zr 


B£¥'EHENCES[ 


R.  Klement  and  E,  KSddermann-Gros,  Z.  amiy.  Chem*  264,  201 
(1947);  L.  noBvay.  Ber.  dtsch.  chem.  Gob.  32,  2697 


Poris  Green  (Copper  Acetoarienite] 

4CuO  + 3As,0,  + 2CH,COOH  = 3 Cu{AsOj),*  Cw(CH,COO),  + HiO 

91B.2  ms  iao.1  101S.7  laio 

Cupric  oxide  Is  heated  with  B%  acetic  acid,  ASaOg  la  added. 
and  the  mixture  iB  refluxed  for  two  hours.  The  product  1b  allowed 
to  coo!  for  half  on  hour,  filtered,  washed  and  dried. 

Alternate  method;  Dilute  acetic  acid  is  allowed  to  react  with 
an  excess  of  freshly  precipitated  CupH)g  and  the  product  Is 
separated  by  filtration.  Dilute  acetic  acid  Is  added  to  a solution 
of  AS3O3  In  boiling  NaOH  until  the  color  of  phenolphthaleln  dis- 
appears. The  hot  solutions  are  mixed  ^ole  ratio  of  CuO;Aa^a 
-4:3)  and  allowed  to  stand  for  several  days  [S.  Aveiy,  J.  Anter. 
Chem.  Soo,  23,  1159  (1906)1, 

PROPERTIES: 

Emerald  green,  crystalline  powder,  stable  to  air  and  14^. 
Insoluble  in  H3O.  Decomposes  on  prolonged  heating  hi  HaO.  Un- 
stable in  acids,  bases  and  toward  Toxic. 

REFERENCE: 

G.  D,  Luchlnskiy  and  U.  F.  Cburilklna,  Zh.  Prlkladnoy  Khlrn.  13, 
55S  a940). 


Fehltng's  Solution 


SOLUTION  1 

34,6  g.  of  CuSO*  * 5 HgO  dissolved  In  500  ml,  of  HsO. 

SOLUTION  2 

a of  crvstaUlne  potassium  soditun  tartrate  (Rooh^te" 
t>  ind"  5?  gfri  S.  “ .S  dKsohed  b B.0  «.d  dUdtod  10  S8* 


^ ],r. 


salt) 

mi. 


Equal  volumes  of  the  two  solutions  are  mixed  before  u«x 


tow 
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PROfiirrnss: 

DWP  blue  sohition.  reduced  to  Cu,0  oa  heating  with  reducing 
m^nts  ^ugar  test  in  urine). 


J. 


REFERENCE: 


D*Ans  and  E.  Xax. 
{Pooloet  Book  for 
p,  1779- 


Tsschenbuch  fUr  Chemiker  und  Physiker 
Chemists  and  Physicists),  Berlin,  1943, 


Very  Pure  Silver 

Crude  sUver  (e.g„  from  silver  residues,  see  P.  1029)  is  dissolved 

ta  eoDc.  nitric  acid,  and  the  diluted  solution  is  precipitated  in  the 
cold  with  a solution  of  very  pare  Ka.Ch  The  precipitate  is  washed 
several  times  with  cold  water  and  dissolved  in  fresh^  prepared 
ammocua  solution.  After  several  hours  of  staadingt  the  solution 
is  filtered  Silver  chloride  is  precipitated  from  the  filtrate  with 
very  pure  nitric  acid*  washed  with  until  no  further  nitrate 
cflB  be  detected,  and  reduced  in  a silver  dish  with  invert  sugar  + 
and  NaOH  (from  Na  metal)  at  60*C,  with  sucrose  and  NaOH^ 
or  with  a boUlng  alkaline  solution  of  formaldehyde  (the  formal- 
dehyde should  be  distilled  prior  to  the  preparation;  sugar  bo- 
hitlons  should  be  filtered  through  bone  charcoal  and  recrystal- 
Uzed).  The  resultant  sOver  slurry  Is  filtered,  carefully  washed 
free  of  chloride  ion  with  water,  dried  and  melted  down  to  small 
ingots  over  pure  CaO,  If  the  metal  Is  heated  no  longer  than 
absolutely  necessary  for  melting,  and  If  the  resultant  metal  grains 
are  cooled  In  a reducing  flame,  the  sliver  obtained  is  quite  pure; 
It  contains  about  0,001%  S and  traces  of  C,  AgCl  and  O, 

The  silver  obtained  In  this  manner  is  further  purified  by 
electrolysis.  The  greater  part  of  the  grains  is  used  as  the  anode 
fritted  glass  finger  filled  with  the  Ag)  against  a cathode  of  pure 
sliver  (wire  or  sheet).  The  electrolyte  is  a X0%  AgNOg  solution 
prepared  from  the  remaining  melted  silver  and  very  pure  nitric 
acid,  Tbe  power  supply  lead  is  a strip  of  fins  sheet  silver  whose 
upper  surface  is  protected  by  a layer  of  asphalt  or  Bakellte  lacquer. 
The  electrolysis  is  carried  cut  at  a constant  voltage  of  1.39  v, 
across  the  terminals.  The  silver  flakes  depositing  on  the  cathode 
M removed  from  time  to  time,  carefully  washed,  dried  and 

to  In  a stream  of  pure  hydrogen  in  a boat  made  of 

v*fy  pure  GaO. 


*A  1:1  mixture  of  dextrose  and  tevuloae. 
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PHOPEHTTES; 

Atomic  weight  107.88.  M.p.  960.S*C,  b.p,  2170*C;  d|®  10.4*7, 
Crystal  structure:  type  A 1. 

acFERe^iCES: 


O,  HSnigschmid  and  R,  Sachtlehen*  Z,  anorg,  ailg*  Cbem.  M5, 
207  (1931);  Th*  W.  Richards  and  R,  C,  Wells*  Z*  anorg*  allg* 
Chem*  (1905):  O*  HKnigschmld*  E,  Zlntland  Uidvwdp 

Z*  BJiQTg,  aUg.  Chem,  lag,  263  (1&24). 


Silver  Powder 

Pure  AgCl  Is  stirred  with  water » allowed  to  react  with  sodium 
hydroxide,  and  reduced  with  glucose,  which  is  added  to  the  boiling 
suspension  In  small  portions « Samples  are  removed  from  time  to 
time,  filtered  and  carefully  washed.  Jf  the  Ag  yields  a completely 
clear  solution  on  heating  In  chloride-free  HNO3*  the  reduction  is 
complete.  The  medium  must  be  teept  alkaline  throughout  the 
reaction;  an  excess  of  glucose  should  be  avoided.  The  product  is 
filtered,  washed  free  of  base^  and  dried  at  100"C, 

Alternate  methods:  a)  Reduction  of  AgCl  with  aqueous  formal* 
dehyde  Vanino,  Ber*  dtsch^  chem.  Ges*  3I,  1764  (139B)]« 

b)  Heating  finely  powdered  Ag^O  to  600*0  [F*  Jlrsa  and  J* 
Jelinek,  Z,  anorg,  aUg.  Chem.  158.  63  (1926)}. 

c)  Reduction  of  Ag^O  with  and  drying  at  250*C  {F^  Jirsa 
and  J«  Jelinek,  loc.  ciU]. 

PKOPERTTES[ 

Gray,  crumbling  powder*  According  to  Vanlno,  the  product  of 
the  redaction  Is  a loose,  black  powder, 

HEFEKENCE: 

G,  Boraemann#  Anorg,  Praparate  [laorganfc  Preparations],  Lelps^, 

1926,  p.  161*  ; 


Silver  from  Residues 


I.  The  collected  residues  are  allowed  to  react  with  hydrooUo^ 
acid  (1:1),  The  precipitate  is  allowed  to  settle  and  the  superaata» 
is  siphoned  off.  The  precipitate  is  washed 
decantation  with  hydrochloric  acid  end  water,  fUtered  with 


tOM 
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particlas ' 
hoK 

S!^^r7^  ^"'or’i'rNo;  (when 


% WW  porcelain  

with  Z«  rods  with  stirring.  After 
nhrt^lafi  of  AitCl  the  Ag  slurry  is  washed  free  of  add  and  2a  wtth 
water  and  filtered*  The  washings  should  be  tested  for  the 
nresattce  of  Zn*  The  resultant  silver  slurry 


an 


l^^rsolution  oMhe  salt Vay  be  reduced  with  20%  hydrazine 

^^*Tho  silver  slurry  is  dried  and  fused  with  a small  quantity 
of  bor«(  in  a Hessian  crucible.  The  fused  Ag  is  made  into  granules 

by  careful  pouring  into  water.  .j  „ i,.  *», 

b)  The  silver  slurry  is  dissolved  In  nitric  acid  the 

solution  is  filtered  and  evaporated  in  a porcelain  dish  on  a steam 
bath  until  crystallization*  The  last  traces  of  nitric  acid  are  re^ 
moved  by  drying  in  a vacuum  or  by  fusion. 

AitetTuite  m€tkv<is:  The  silver  obtained  from  the  reduction  with 
Zn  is  dissolved  in  dilute  nitric  acid.  The  solution  is  filtered  and 
AgCl  is  precipitated  by  addition  of  dilute  hydrochloric  acid  to  the 
hot  solution*  The  precipitate  is  filtered,  carefully  washed  with 
warm  water^  and  dried.  Then  20  parts  of  AgCl  are  mixed  in  a 
mortar  with  10  parts  of  and  3 parts  of  KNO3*  The  mixture 

is  placed  in  a red-hot  Hessian  crucible^  The  reduction  proceeds 
accordiztg  to  2 AgCl  + Wa^03  ~ 2 Ag  + 2 NaCl  + GO^  + V2  The 
AgCl  may  also  be  added  in  portions  to  the  mixture  heated  slightly 
above  960^Cs  A melt  of  Ag  is  formed  immediately.  The  Ag  ingot 
is  cleaned  by  boiling  In  water  containing  sulfuric  acid  (G*  Bomc^- 
mann,  Anor^,  Praparate  [Inorganic  Preparations],  Leipzig*  1926, 
P- 160). 


REFERENCES; 

Handbuch  fUr  das  EisenhUttenlaboratorlum  [Handbook  for  the  Iron 
Works  idbomory],  Vol.  I.  p.  317  (1939).  F.  Specht.  Quanti- 
tativfl  anorgaitische  Analyse  in  der  Technik  (Quantitative 
Jnorganic  AnalyaiB  in  Engineering J,  1953. 


D,  SILVER  FROM  PHOTOGRAPHiC  SOLUTIONS 

alkaline  with  ammonia  and 
^ ^ excesB  of  ammonium  sulfide.  The 

ovei'flleht  and  the  supernatant  liquid 

^ amount  of 

at  960*C  ^ * Hessian  crucible,  dried  and 

fcot  water.  ' is  leached  out  of  the  product  with 

1 ^ exhausted  fixing 

fAnd  for  about  one  weok  with  frequent 
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agitation*  The  precipitated  Ag  slurry  Is  filtered  d£f  and  oupeUatod 
with  lead  {H.  Gn^itsch,  Anorg.  prUparative  Cheniie  (Ibo»aiiki 
prepyative  Chemistry],  Vienna.  1&50,  p.  454;  for  deacriptloii  of 
cmpellSitioii,  see  also  Hackfa's  Chemical  Dictionary,  3rd  fnl, , The 
Blaklston  Co.,  Philadelphia- Toronto,  1944), 

b)  The  pH  of  the  soliiUon  la  adjosted  to  6.9-7. a with  soda,  aod 
CuSO^  or  Aij(SO  J3  is  added.  Silver  precipitates  with  the  corre- 
sponding hydroxide  (when  the  Ag  is  not  present  as  AgCl,  FeCl«  1b 
added).  The  voluminous  precipitate  is  treated  after  3*^  days  ^th 
sulfuric  acid  of  mcreasing  concentration  (up  to  96%).  which  re- 
moves hydroxides,  gelatin  and  other  impurities  and  concentrates 
the  Ag  to  20-50%  of  the  total.  The  Ag  is  fused  in  a crucible  after 
adding  some  borax  (U.S.  Pat.  2,131,045). 

RE fere MCE; 

Handbuch  fUr  das  ElsenhUttenlaboTatorium  IHandboofc  for  the  Iron 
Works  Laboratory],  Vol  I,  p.  318  (1939). 


Silver  Mirrors 


Of  the  two  methods  given  below,  the  first  la  beet  for  flat 
surfaces,  while  the  second  is  used  for  concave  surfaces,  such  as 
vacuum  jackets.  With  variations,  however,  they  may  also  be  used 
la  other  applications.  Careful  and  thorough  cleaning  of  the  mirror 
surface  ^lass,  quartz,  porcelain,  mica,  plastic,  etc.)  is  a necessary 
condition  for  any  successful  silvering  effort. 


1.  A)  PREPAflATION  OF  THE  MIRROR  SURFACE 

The  Silver  coding  on  old  mirrors  Is  dissolved  with  nitric  acid 
and  the  surface  is  rinsed  with  water.  The  hands  are  scrubbed  with 
soap,  and  the  soap  foam  Is  transferred  to  the  surface,  which  is 
then  Scrubbed  for  some  time  with  the  foam.  Scrubbing  is  continued 
while  the  surface  is  rinsed,  first  with  tap  water,  then  with  distil^ 
water.  In  the  end,  the  units  surface  must  be  perfectly  wetted  ^ the 
water.  If  any  greasy,  water-repellent  area  remains,  the  entire 
operation  must  be  repeated.  After  rinsing,  the  piece  to  be  mirror^ 
Is  placed  In  a dlah  of  distilled  water. 

It  it  is  desired  to  polish  the  sliver  mirror  after  deposition,  the 
surface  Is  first  oovered  with  a thin  paste  prepared  from  eq^ 
part®  of  alcohol,  ammonia  and 
and  the  paste  is  nibbed  in  vigorous^  with 
cleaning  mixture  may  then  be  removed  with  some  fre^  celhdoae^ 


1«M 
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Tte  Ibllowimr  sre  weighed  into  three  clean  test  tubes:  1} 

Th^  second  and  third  of  these  compounds  are 

dtesotved  in  a few  romiUters  of  distilled  water.  

The  following  are  held  in  readiness:  two  dark  brown  bottles 
|$00  mU  with  ground  stoppers;  three  beakers  or  Erle^eyer 
with  capacities  of  a)  800,  b)  300,  c)  100  ml.:  a 20-ml. 
tmMtta;  a glass  fuimei. 


C>  SILVER  SOLUTION 

The  5 ge  of  AgNOg  {test  tube  1)  ia  dissolved  in  50-100  mi*  of 
dlsUlled  water  in  vessel  5;  one  third  of  the  solution  is  held  in 
reserve  in  c.  AmmoBla  is  added  (with  vigorous  swirling)  from  the 
burette  to  the  larger  portion  In  5 until  the  resultant  deep  brovm 
precipitate  just  dissolves*  Some  AgNO^  solution  ia  then  added 
from  the  reserve,  ammonia  is  again  added  in  drops,  and  the  pro^ 
cedure  Is  repeated  until  the  reserve  has  been  exhausted*  The 
last  solution  added  should  be  AgN'O^,  and  the  mixture  should  be 
somewhat  turbid.  If  the  solution  Is  clear  at  the  end  of  the  operation, 
a few  crystals  of  AgNOg  are  dissolved  in  distilled  water  and 
added  to  the  mixture  until  turbidity  sets  in*  The  Ag  solution  is 
diluted  to  500  ml*  with  distilled  water  and  transferred  without 
filtering  to  one  of  the  brown  bottles.  Thus  protected  against  light, 
it  may  be  stored  almost  indefinitely* 

m ftEOUCLNG  SOLUTION 


The  solution  of  RocheUe  Salt  (test  tube  3)  is  added  to  500  ml, 
of  distilled  water  In  vessel  a;  the  mixture  is  brought  to  a boll* 
a^  the  AgNO^  eolution  from  test  tube  2 Is  added,  first  in  drops 
^ addition  causes  a boiling  point  elevation  and  thus  a delay  In 
do  not  add  the  AgHOg  too  fast!),  then  more  rapidly.  The 
*jc«liaiit  brown' colored  turbidity  gradually  transforms  into  a 
pfteiiiBh-gTay  precipitate.  The  solution  1b  boiled  over  a small 
* or  six  additional  minutes,  filtered  and  stored  In  the  second 
bmwn  bottle.  Ia  this  bottle  the  solution  Is  stable  for  several 


£)  SS.VEiUNC 

niinrors  aro  beet  made  in  a thoroughly  cleaned  crystal- 
to-etopto*  t/a,;  L»rg„  X«, 
*Md  ^ 6-cm,-high  lealtproof  rjm  cd 
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Equal  volumea  of  tto  silver-cotitalniiig  and  nduclw 
are  measured  out  in  a graduated  cylinder  In  amoutUB  sitlllol0at  *© 
cover  the  mirror  surface  with  a layer  of  liquid  1 cm*  deepni  The 
mmure  is  then  luame^ateiy  poured  on  to  the  surface  and  the  dieh 
Is  vigorously  rocked.  A bluish,  rapidly  thiokenlng deposit  Is  forKned 
after  a few  mi^tes  on  the  mirror  andthe  glass  waUs»  The  solutiie& 
becomes  turbid  and  small  silver  particles  appear  on  the  surface 
of  the  liquid.  The  solution  Is  poured  oft,  the  mirror  rinaed  with 
distilled  water,  and  the  silvering  process  repeated  with  freeh 
solution.  Finally,  the  silvered  piece  is  rinsed  with  distilled  water 
followed  by  alcohol,  ^ the  mirror  is  allowed  to  dry  while  standing 
on  end.  it  is  advisable  to  grip  the  mirror  with  lab-  tongs  or 
forceps  and  not  to  touch  It  with  the  fingers* 

in  the  case  of  mirrors  3ilv83^ed  on  the  back,  the  silver  layer 
is  protected  with  a lacquer  coating  tahellac*  varnish)*  The  Ag 
precipitated  on  the  glass  side  is  removed  with  a cotton  pad 
moistened  with  highly  diluted  nitric  acid, 

F}  POLISILING 


The  operation  is  carried  out  on  the  day  following  the  silvering, 
A piece  of  dust-free  ohamole  leather  is  tightened  around  a ball  of 
wool  ("^polishing  bair^).  The  surface  is  then  carefully  gone  over 
with  the  ball  and  is  then  rubbed  with  InoreasU®  pressure*  If  this 
does  not  produce  the  desired  result,  some  jeweler’s  rouge  la 
spread  on  the  balU  the  excess  is  brushed  off*  and  polishing  la 
continued. 

The  mirror  prepared  as  above  has  a golden  sheen  (on  the 
back  side). 


IL  A)  Pft£TftEATMENT 


The  glass  surface  to  be  treated,  such  as  the  Inner  space  of  a 
Jacket,  is  cleaned  for  30  minutes  at  60*C  with  freshly  prepared 
cleaning  solution  and  is  then  thoroughly  rinsed  with  water*  This 
is  followed  by  a 10-minute  treatment  with  1,4%  hydrofluoric  acid 
and  another  rinse  with  water*  Then  the  surface  is  treated  for"  10 
minutes  with  tachnlcai  grade  cone*  nitric  acid  (d  liS3}  and  rinsed 

with  water;  the  final  rinse  is  distilled  water,  * 

. ■ 

B)  silvering  ■ *! 


rubber-Btoppered  bottle; 
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Mt  . of  sunr  ta  800  ml.  of  water;  a mixture  of  100  ml.  of 
^ir?6  ml.  of  very  pure,  chlorine-free  nitrio  acid 
JuSte  added  to  this  solution,  which  is  then  stored  tor  at 
QMQ  before  use  in  a ground-joint  bottle. 

Me  three  solutions  (16:8:1)  are  as  follows: 

ts  added  in  drops  with  stirring  to  solution  (1)  until  the 
fprmed  precipitate  just  dissolves.  Solution  (2)  is  then 
vieldiiig  a dark  brown  to  black  precipitate  (a  green  pre- 
indie a deficiency  of  ammonia  and  the  material  must 
be  releoted).  If  the  precipitate  is  of  the  right  color,  ammania  is 
anin  added  slowly  with  stirring  until  the  precipitate  Just  qis- 
aBueare.  A slight  excess  of  ammonia  delays  the  deposition  of 
silver  in  the  next  stage,  but  does  not  prevent  it.  The  resultant 
udxture  of  <1)  and  (2)  may  be  stored,  at  most,  for  one  hour.  Solution 
(3)  is  added  immediately  before  use.  The  deposition  of  silver 
i»atH  10  to  30  minutes,  depending  on  the  excess  of  ammonia.  Its 


f^mpit.Krtn  is  recognisable  by  the  appearance  of  a floccuient 
precipitate.  The  solution  must  be  removed  at  this  point  to  avoid 
harm  to  the  mirror.  The  surface  is  thoroughly  rinsed  with 
distilled  water  to  remove  all  residues  (including  silver  slurry) 
and  dried,  preferably  in  vacuum.  The  silver  layer  and  the  glaes 
do  not  separate  on  heati%  to  4S0‘"C  in  a high  vacuum  of  mm., 
wMch  is  patticularly  important  in  silvering  of  vacuum  Jackets  for 
distillation  columns. 


BEFEnENCES; 

1-  W.  Botbe.  J.  prakt.Chem.^,  191  (1863);  R.  Biittger.  Polytechn. 
Notlabl.  317  (1883);  324  (1884);  H.  Kreusier,  Die  Sterne 

9,  43  (1929);  E.  von  Aogerer.  Teehn.  Kunstgriffe  (Industrial 
Techniques},  5tbed.,  Braunschweig,  p.  61, 

If-  P.  W.  Schenk.  Private  communication. 


Colloidal  Silver 


A mij^  of  200  ml,  of  30%  FeSO*  solution,  280  ml,  of  40% 
citrate,  and  about  SO  ml.  of  10%  NaOH  is  added  to  200  ml. 
h f 7**®  rsBvlimt  coUoidal  silver  precipitate 

Vfashed  4-5  times  with  10%  ammonium 
a^  finaUy  ^Ice  with  96%  alcohol.  The  mixture 
orfaT^toito^r.  careMiy  dried  on  a water  bath 

i tlOO  ml.)  is 

Am^  At  Iff:  dAjt  ^ of  freshly  prepared  tannin  solutiotn  and 
J£?.f  flol^lon.  Heating  the  mixture 

^ Kleines  Praktikum  der 

JI^*  Uanua!  for  Colloid  Chem.},  7th ad..  1930,  p.  4), 


O.  copper,  silver,  gold 


tim 


b)  A warm  O.OOIN  solution  of  AaNO«  la  

addition  of  0 O05%hs^a»lue  hydrate  aolution  (Ag  sol 

Qiitbler.  cited  in  W,  Oatwald.  loc.  clt.).  «wor«a«  to 

c)  Silver  sol  by  clerical  atomization:  Two  Bilve):  tods,  2-» 
mm.  In  diamet^  are  bent  at  right  angles  2 cm,  from  their 

^ ^ beaker  with  distlUed  water 
so  that  they  form  a XJ  figure.  A cuireot  of  4-6  amp.  nlwiiri 

at  110  throi^gh  the  sboit-olTcrdted  electrodes  (rheostat 

control).  Clouds  of  colloidal  Ag  are  formed  when  aneleotrfo 
arc  is  passed  thr^h  the  gap  between  the  two  ends.  Addition  of 
a few  drops  of  2%  sodium  carbonate  Solution  is  recommended 
[G,  Bredig,  Angew.  Chem,  951  (18&S)]. 

PBOPE  STIES: 


Black,  grainy  powder  containing  about  97%  Ag.  Soluble  in 
water,  yielding  a red-brown  to  black,  extremely  finely  divided  Ag 

sol. 


heference:] 

M,  Carey  Lea*  Amer,  J*  Sci,  37,  476  (18S&}, 


Silver  Iodide 


Agl 

AgNOi  + KI  = Agl  + KNa 
16^.9  16A0  234.B  101. 1 

At  atmospheric  pressure  sliver  iodide  exists  In  three  modlfl- 
cations;  0:-form  (cubic*  type  B3)*  jS-form  (hexagonal,  type  B4)  and 
V-form  (cubic,  type  At  room  temperature,  the  rate  of 

Interconversion  between  the  O!-  and  ^^forms  is  so  low  that  the 
two  forms  are  stable  when  stored  alone  or  as  a mixture*  Tto 
silver  Iodide  precipitated  from  solutions  usually  consists  of  It 
mixture  of  these  two  njodlficatlons*  When  physical  uniformity^ 
the  product  is  not  a factor,  chemically  pure  Agl  may  be  prepay 
in  Large  quantities  by  the  following  method* 

Very  pure  KI  (83  g.)  Is  dissolved 
water,  and  85  g.  of  very  pure  AgNOs  ^ 8.5  liteM  of 
solution  is  added,  with  constant  stirring,  to  the  AgNO*  soluBO^ 


dLuU^ water  ^S^^STtnd  the  mature  is  shaken  vigoroaaJy 


o. 


ANO  H> 


SAUER 


A Qlwopa  of  iodide.  The  flocculent  precipitate 

a eirf  the  clear  aupercetuit  may  be  siphoned  off 

r alStflS^  minutes.  The  product  is  cleaned  by  decantation 
uMltl  all  Oe  KNOa  has  been  removed.  The  wash  water  is  allowed 
CTtwIe  in  contact  with  the  precipitate  overnight  to  remove  all 
the  possibly  adsorbed  electrolyte  (which  Is  hard  to  dislodge), 
i^cil  <Qf  KNOa:  evaporation  to  dryness  of  200  ml.  of  the  wash 
whtor  In  a pl««inim  dish.  Blank  test  with  the  distilled  water 
mad  ft*r  washing.)  The  precipitate  is  placed  on  a piece  of  hard 
oner  paper  and  dried  at  110-120*C.  The  dry  Agl  is  easily  ground 


to  ft  fine  powder. 

Tbe  of  the  aolutlona  and  the  washing  operations  must  be 

Cftrried  out  !n  the  absence  of  daylight.  The  product  may  be  exposed 
to  dnyltgbt  only  when  it  is  completely  free  of  impurities. 


PROPERTIES: 

YeUow,  Crystalline.  M.p.  556.8“Cj  1506 “C.  Insoluble  in 

solubility  (25*C}:  0.25  * 10^®gyi00  g.  HdO;  almost  Insoluble 
In  sunmonift;  appreciably  soluble  in  cone,  hydriodic  acid  and 
cone,  solutions  of  alkali  Iodides,  particularly  when  hot;  soluble 
in  solution*  Heat  of  formation  — 14,S5  kcal,  per 

mole. 


HEXtCONALp-Agl 

SUver  Iodide  ae  precipitated  above  is  dissolved  in  a eonc, 
solution  of  potassium  iodide.  The  solution  is  filtered  and  poured 
into  water.  The  Agi  precipitates  as  a thick  flocculate.  It  is 
washed  with  water  (try  decantation)  until  the  iodide  ion  is  no  longer 
detectable  by  the  AgNOa  test.  The  Agl  is  filtered  and  dried  at  room 
temperature. 

5.696;  crystal  structure;  type  B4, 


CVBtCQ-A^ 

a)  Cubic  Agl  is  always  formed  when  hexagonal  or  mixed  Agl 

Is  pnlrerized. 

- Iodide  is  dissolved  in  a cone,  solution  of  AgHOa.  The 

ylrtfan  to  filtered  and  poured  Into  water.  Fine-grained,  slowly 
forwed.  It  is  washed  by  decantation  until  the 
^ The  mixture 

temperature. 

oj  6.680;  ciyetal  structure:  type  B3, 


■ereSEHCX: 


A 


I.  Mkneijer  and  J,  w.  A. 
ft7Uf84>. 


van  Hengel.  2.  KrlstaUogr.  A B8. 
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Silver  Chlorate 
AgClO, 


10»7 


AgNO,  + NaClOj  = AgClOi  + NaNO, 

109.9  IdB.-l  191.3  85  0 

Solutions  of  iTOg.of  AeNOgandaoeg,  of  HaClOg,  each  dlaaolved 
in  100  ml.  oi  85  C water,  are  combined  and  cooled  to  0*C  The 
supernatant  is  carefully  decanted  and  50  ml.  of  HaO  fO^C)  ia  added 
to  the  residue.  The  resultant  crystals  are  suction-filtered:  they 
are  95%  pure, 

A purer  product  may  be  obtained  by  dissolving  the  residue 
remaining  after  the  above  decantation  in  125  ml.  of  HaO  at  90*C, 
cooling  to  0®C,  and  suction-filtering.  The  crystals  are  redissolved 
in  120  ml.  of  HaO  at  90“ C,  cooled  to  0“C,  suction-filtered,  and 
dried  in  a desiccator.  The  yield  is  about  118  g.  of  99,7%  AgClOa. 

The  compound  should  be  stored  in  dark  flasks.  Since  AgClOa  is 
a strong  oxidant,  extreme  care  should  be  exercised  when  it  is 
brought  into  contact  with  easily  oxidized  materials,  especially 
organic  substances, 

PROPEHTIES: 

White  crystals,  M.p.  230“C,  decomposes  at  270"C;  d 4.43. 

REFERENCE: 

D.  G.  Nicholson  and  C.  E.  Holley  in;  W.  C.  Femelius,  Inorg. 

Syntheses,  Vol.  U,  New  York-London,  1946,  p.  4. 


Silver  Oxide 


2AgNOi  -i-  2NaOH 


2 NaNOi 


Equivalent  quantities  of  a cone,  solution  of  d^e 

solution  of  NaOH  Iboth  prepared  with  ’ 

the  resultant  precipitate  Is  decanted  end^drled 

water.  The  precipitate  Is  centrifuged,  suotion-filte  , 

at  85-8B“C  in  a stream  of  COa-free  aoluUon 

AUefTtate  methods:  a> 

with  Ba(OH)a,  with  careful  exoltision  of  COa  [E.  La  , . ^ 

allg.  Cbem.  336  (1927)]. 


t«a* 


O,  attMSIR  AND  H.  SAUER 


A 28-30%  KaNOs  solution  1b 
Ksotrolytio  pr«pa  current  density 

rt  ^ TJSS)  i • »“«'  <u»d=  and  ; 
SS?cSJSfpSta«l «.  olS.  a»  ^onnaan.  (K.  Mn«l,  Mi«y»n. 
Foiyoiml  46,  197  (1913)]. 

FHOPERtlKS; 

Dark  toown  to 

nolubte  inNaOH.  -^>0 ‘1  <1“*' 

to  uiht.  Some  decomposition  occurs  on  drying.  Costal  structure: 
type  CS.  Meat  of  formation  (25*C):  —7,3  kcal,/mole, 

REFERENCE: 

E,  H.  Madsen,  Z.  anorg.  allg.  Chem.  79,  197  (1913). 


Silver  Peroxide 
AgiO, 


Ag,0  - 2KOH  + 2KMnOj  = Ag,0,  2KtMnO,  + HtO 

331.S  ll£.i  316.1  247-8  394,2  18,0 

Solutions  of  AgNOa  and  KMn04  are  combined  and  an  excess  of 
KOH  is  added.  The  resultant  precipitate  is  filtered  In  a glass 
filtering  crucible,  washed  with  ice-cold  water  until  the  filtrate  1s 
odorless,  dried  for  two  hours  at  110®C,  and  placed  for  24  hours 
in  a desiccator  over  PsOg.  An  anhydrous  product  containing  up 
to  60%  AgsOa  is  obtained. 

Attentate  methods:  a)  Treatment  of  AgNOa  solution  with  a 

solution  of  potassium  or  ammonium  persulfate  [H.  Marshall,  J. 
Cbem,  Soc,  (London)  M,  775  (1891)]. 

b)  fieactioD  of  metallic  Ag  with  ozone-containing  Os  at  240 °C; 
use  of  lower  temperatures  Is  also  possible  If  Fe  gOg  or  Pt  is 
ued  as  catalyst  [W.  Manchot  and  W.  Kampsohulte,  Ber,  dtsch. 
chem.  Ges.  ^ 2891  (1907)]. 

c)  Beajction  of  NaOCl  with  AgaO  at  yS-SO’C  [R-  h.  Dutta,  J, 
Indian  Chem.  Soc,  95  (1955)], 

d)  Hydrolysis  of  Ag?KDii  (from  anodic  oxidation  of  AgNOg 
PdiMoDS)  and  thermal  decomposition  of  Ag^NOu  [G.  M.  Schwab 
aed  C.  Hartmann,  2.  anorg,  ai^.  Chem,  183  (1965)]. 

PMweariES; 

above  iOO^C  Into  Ag  and  0^,; 
os^  7.493,  Solid)le  In  cone.  HNO3,  from  which  it  precipitates 


19.  COPPER,  SILVER,  GOLD 


on  dilution,  Decomposea  in  hot 
Strongly  oxidizing. 


cone.  H3SO4  with  eTDlitUod  ol 


BEFEnENCE: 


F,  Jlrsa.  Z.  anoxg,  allg,  Chem,  22G.  302  11035). 


Sodium  Orthoargofitita 

N«iAgOi 


Ag*0  + 3Nai.O  = 2Na,AgO, 

2ai.a  IBftO  417,7 

Stoichlomotric  quantities  of  pure,  absolutely  dry  NigO  and 
dry  AggO  {dried  in  vacuum  at  8[>"C)  are  weighed  In  the  absence  of 
mclature  and  CO  3.  The  two  starting  materials  are  ground  to  a fitie 
powder  and  intimately  mixed  in  the  vacuum  ball  mni  shown  in 
Fig.  55,  p.  76.  The  mixture  Is  transferred  (with  exclusion  of  air) 
to  a sintered  magnesia  boat  placed  In  a protective  tube  of  Fe  or 
Ag  which  Itself  is  positioned  in  a heatlr^  tube  (Vycor  or  quartz). 
The  heating  tube  is  evacuated  and  the  mixture  heated  to  400*C. 
The  product  Is  homogenized  hy  grtodliig  and  reheating. 

PBOPEHTIESt 

Formula  weight  2D8.85.  Light  green  powder,  hi|^y  sensitive 
to  moisture.  Decomposed  to  a black  substance  even  by  small 
quantities  of  water  vapor.  Stable  up  to  450 "C  In  vacuum, 

HEFEUENCE; 

E.  Zlntl  and  W,  Morawletz.  Z.  anoig.  allg.  Chem,  2M,  372  (1938). 


Silver  jt)  Sulfide 


Ag.S 


2Ag  + S = Ag.S 
215.3  32.1  2^^-® 


I.  Pure  sulfur  vapor,  carried  in  a stream  of 

pure  Ag  at  250 -C.  The  S and  Ag  are  to  two  fl^r^^ats  ^ejd 
a tube.  Altematlvely  the  S may  bef  )?laoed  to  a^qilirte 


in 


o,  SC.EM&en  AHCJ  H.  SAUtP 


tnk»  16  <UD  toME  *nd  16  mm,  i.D,  Mrith  a constriction  in  the  middle 
ATSK  Ttot  tube  is  opeu  at  one  end  «>d  nar^s  to  a conical 
1-  -I  other.  The  Ag  is  placed  in  a qoarta  tube,  of  the  same 
SSSJ?  JSiS  5 o.n»trloted  .t  both  •»««•»*» 

wtj  that  one  of  the  ends  fits  the  nozzle  of  the  other  tube.  The 
otiter  end  is  attached  by  means  of  a ground  Joint  to  an  outlet  tube 
tor  uftieacted  S vapor.  The  S.  in  a boat,  is  placedjnthe  first  of 
Uw  two  chambers  formed  by  the  18-cm,*long  quartz  tube.  Then 
tbe  tubes  Wfttnining  the  S and  Ag  are  placed  inside  a larger  quartz 
ntoe  set  in  an  electric  furnace.  The  furnace  is  heated  to  350  C In 
such  a way  that  sulfur  is  distilled  from  the  first  into  the  second 
chamber  of  the  18-cm.-long  tube  ftmriflcationj.  The  furnace  Is 
then  set  at  250“C  and  heating  is  continued  in  a stream  of  N a. 


N2 


4 * W *•  * * M 


H 


Fig.  278,  Preparation  of  silver  (I)  sulfide. 

Plugging  of  tfae  outlet  tube  with  excess  S Is  prevented  by  heating 
the  tube  (If  necessaty^  with  an  additional  electric  furnace).  De- 
pending on  the  flow  rate,  the  conversion  of  10  g.  Of  Ag  requires 
6 to  a hours.  The  excess  S remaining  in  the  Ag^  after  completion 
of  the  reaction  Is  removed  by  heating  in  a stream  of  N^.  The 
temperature  1b  maintained  below  3G0^C  to  prevent  sulfur  from 
belc^  driven  off  from  the 


IL  Very  pime  Ag  and  S are  placed  at  opposite  ends  of  an  evacuated^ 
Bested  glass  tube  previous  iy  cleaned  by  the  voti  Wartenberg  method 
(p,  342).  An  ejKesfl  of  S is  used.  The  tiibe  Is  heated  for  1-2  days 
at  400*C.  It  is  then  pulled  (halfway)  out  of  the  furnace  so  that  the 
^ containing  the  suiter  is  exposed  on  the  outside.  This  enables 
sulfur  to  sublime  from  the  product  onto  the  cold  excess 
3111617.  The  reaction  ia  complete  within  about  12  hours, 

methods:  a)  Precipitation  of  an  anunoiUacal  solution 
precipitate  is  washed  with  water  and 
* 150  C in  a stream  of  CQs>  Excess  S is  removed  by 
for  one  hour  at  35(K400“C  la  a stream  of  Ha  [E.  von  Britzke 
aw  A,  F.  lUpustiiiBld,  2.  anoj^,  allg,  Chem.  205,  95  (1932)1. 
bj  F^ten  oi  the  calculated  amounts  of  Ag  and  S in  a 
lA.  M.  Ofludin  and  D.  W.  McGlasbW  Econ 


pressure 
Geol.  33,  143 


made. 
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pnOPEHTlES: 


t04F 


Black,  ci^stalline.  M.p.  84S*C*  d2®  7 9JU 
soluble  in  KCN  solution,  insoluble  in  aqueous  TnuittS 

(tt-AgaS,  25  Cf:  —7,5  kcai,/niole. 


REFERENCES: 


I.  O.  Homgschmld  and  H.  Saohtlebea,  Z,  anorg.  allg,  Chem.  195, 
207  (1931),  "■ 

II,  C.  Wagner.  Private  communication. 


Silver  (I)  Selenide 
Ag,Se 


2Ag  + Se  = Ag;Se 
31S.B  79.0  ZtN.7 

A boat  containing  selenium  and  ^htnd  it)  a boat  containing 
metaillc  sliver  are  placed  inside  a quartz  tube.  The  tube  is  sur- 
rounded by  two  electrical  furnaces,  so  that  the  Se  Is  heated  to 
S00°C,  while  the  Ag  is  at  4D0’C,  A stream  of  Os-free  nitrogen 
carries  the  Se  to  the  silver  (see  Fig.  276,  preparation  of  AgaS). 
The  Se  vapor  Is  passed  over  the  raetal  until  large  amounts  cf  Se 
begin  to  accumulate  behind  the  Ag,  The  beat  is  maintained  at 
4Q0“C  for  some  time  after  that  to  remove  any  Se  which  may  have 
adhered  to  the  product  surface.  The  conversion  of  5 g,  of  Ag  re- 
quires 6-8  hours.  Dissociation  begins  above  400'*C. 

Alternate  method:  Eeactlon  of  soluble  Ag  salts  with  CuSe.  The 
reactions  with  CusBe  and  CugSea  give  metalllo  Ag  as  a by-product 
(W,  Getlmann  and  Fr.  W.  Wrigge,  Z,  anorg.  allg.  Chem.  210,  378 
(1933)J, 

PflOPEHTIES; 

Black,  oiystantoe.  d|*  8.167,  Crystal  structure:  at  75*C 
tetragonal  with  c/a  = 0.66;  at  80 "C  tetragonal  with  c/a  = 0.94;  at 
240 "C  cubic.  Heat  of  formation  (cubic  Aga^i  25  “C):  — B.O  koal. 
per  mole. 

UEFiraENCH: 

o.  Honigschmld  and  W.  Kapfenberger.  Z.  anorg.  allg.  Chem,  2^, 
198(1933). 


o,  GLlMStR  ANO  H.  SAUER 

Siksr  (()  Tsiluncta 
AgiTe 

2Ag  + To  ==  AgiTe 
215.S  127.0  3«.*l 


Pteoued  by  passing  Te  vapor  over  Ag,  Nitrogen  serves  as  the 
oarrler  gas  a»d  the  reaction  temperature  is  470“C  The  flow  rate 
of  the  Tb  vapor  should  be  »lovi  i.e.,  the  amount  of  Te  enteri^  the 
reactioa  should  not  exceed  the  reactive  capacity  of  the  Ag. 

The  amiarattts  is  identical  to  that  used  for  Ag^e.  The  conversion 
of  3 gof  Ag  requires  72-96  hours.  Excess  Te  is  removed  by 
beatii^to  500-S40‘*C  In  high  vacuum.  Well -crystallized  products 


are  obtained.  ^ . 

method:  Heating  Ag  in  a porcelain  crucible  m an 

atmosphere  of  Te,  with  exclusion  of  air  [P.  Rahlfs,  2.  phys,  Chem. 


(B)  31,  157  (193611. 


PROPERTIES: 

Gray-bjact,  crystalline,  d*®  8,318.  Transition  point  ^-AggTe 
(rhooiblcj  -‘Of-AgirTe  (cubic):  149.5'’C,  Heatofformatlon(^-AgaTB, 
a5“C)  — S.O  kcaL/mole, 


HE  V£  HENCE; 

O.  Honlgschmid,  2.  anorg.  alig.  Chem.  214.  281  (1933). 


Silver  Sulfate 

AgiSOj 

2AgNO,  + H,SO<  = Ag,S04  + SHNO^ 
33a.S  5S.I  3U.8  126,0 


A sohitloa  of  AgNOj  in  some  HgO  is  treated  vrith  I ; 1 sulfuric 
add.  IbA  Ags$04  precipitate  is  centrifuged,  dissolved  In  hot 
ooB^  HgSO^  (In  a Pt  dish  if  high  product  purity  is  required),  and 
bol^  for  ^veral  minutes  to  expel  the  nitric  acid.  The  acid 
which  crystallizes  on.  oooHi^  Is  centrifuged  and  treated 
wn  water  In  a Pt  dish.  The  normal  sulfate  thus  crystallizes  as 
a flne  powder  (solution  of  heat).  The  supernatant  is  decanted  and 
■ with  pure  water  untU  free  of  acid.  The  AgsSO* 

ttoeterui^  and  dried  on  an  air  bath  at  llO’C.  The  entire  opera- 
*“*  *?“*  “ coadueted  in  a dustproof  atmosphere, 

Z.moj*.  nUg. 
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f04» 


bj  Glutton  of  Ag  metal  in  sulfuric  acid  {O,  HSaigscbmtd  «dA 
R,  Sacbtleben,  loc,  ott.).  ««6Dvainw m* 

oj  Finely  divided  Ag-^Q*  Is  obtained  by  proolpiUtlon  of  ft« 
a<iueoue  solution  with  alcoboL  The  product  Is  dried  in  vacamn  at 
lOO^C  {H.  Hahn  and  E.  Gilbert,  2,  anorg.allg.  Chem,  91  (1949)]« 

PROPEflTtES; 


Colorless  ciystals,  M,p*  657 decomposes  at  1085 *C'  dl* 
5*460*  Sparingly  soluble  In  water;  BolublUty  (1S*C):  2*67 
gp/lOO  S-  ^3®'  Slightly  decomposed  by  Ughtt  acquiring  alighi* 
violet  color.  Dissociates  on  melting,  acquiring  a yellow  color 
which  disappears  on  treatment  with  gaseous  SO  3*  Crystal  structure: 
orthorhombic.  Heat  of  formation  (25"C);  — 170*5  icoaiy mole* 

REFERENCE] 


Th*  W*  Richards  and  G,  Jones*  2*  anorg,  allg*  Chem.  5^  72  (1907)* 


Silver  Sulfite 
AgtSOt 

2AgNO.  NaiSOfl  - Ag,SOg  + 2NaNOg 

339.8  12§.0  29S.8  110,5 

A solution  of  AgNO^  Is  treated  at  room  temperature  with  the 
stoichiometric  quantity  of  NaaS03  solution,  yielding  a precipitate 
of  Ag  bSO^,  which  Is  filtered,  washed  with  well-boiled  water,  and 
dried  in  vacuum* 

Alternate  method:  Precipitation  of  aqueous  AgKO  3 with  sulfiirous 
acid  [ J.  Muspratt,  Liebigs  Ann.  60,  286  (1863)]* 

PHOPERTIESt 

Colorless  powder.  Sparingly  soluble  Jnwater,  soluble  In  aqueous 
ammonia.  Decomposes  in  light  and  on  beatii^,  forming  the 
dithionate  and  sulfate.  Insoluble  in  liquid  SOa- 


HEFEHENCES: 

P.  Berthier.  Ann.  Chlm.  Phys.  (3)  T.  82  (1817);  K.  Seubert  and 
M.  Elten.  Z.  anorg,  aUg.  Cbem.  4,  44  (1894). 


Silver  AmMe 
AgNHi 

AgNOi  + KNH,  = AgNH,  + KNO, 


109.9 


55.1 


123.9 


LOLl 


, 9 ± In  the  reaction  between 


silver 


o.  ^LSMSER  AND  W.  SAUER 

>«  ^v*-**-^  with  the  two-arm  tube  shown  In  Fig,  27B, 
I KNH*  sohitlon  Is  allowed  to  flow  into  excess  AgNO^ 
prsolpltatton  of  AgNHa* 

A)  KNH, 

First  KNHd  Is  prepared  in  arm  B from  potassium  metal  and 
MH*  achieve  this,  inlet  tube  c is  connected  to  a source  of 
absolutely  dry  NHs  and  tbe  entire  apparatus  is  dried  by  passing 
Ntta  and  heating.  Then  o is  temporarijy  closed  off  with  a 
stem  and  oxide-free  K,  together  with  a few  milligrams  of 
sgKMWG  Pt  as  catalyst,  is  Introduced  at  £7  in  a stream  of  NHa*  Inlet 
bdie  b Is  melt-sealed  to  a pressure-rosistant  tip,  the  pressure 
gradient  required  for  the  glass-blowing  operation  being  achieved  by 
brief  alternate  closing  and  opening  of  inlet  with  a finger.  The 
AgNOa  is  now  introduced  into  aim  A and  dried  in  a stream  of 
NHs.  Atm  A Is  then  melt-sealed  at  a In  the  same  way  as  b,  the 
pressure  gradient  being  achieved  by  removing  the  plug  from  stop- 
cock h and  closing  the  resultant  two  openings  {when  required) 
with  a fii^r.  Arm  B is  then  immersed  in  ice  water  and  NH  3 Is 
allowed  to  condense  in  it  until  it  fills  1/4  of  the  volume.  In  the 
presence  of  Pt,  1 g.  of  K is  converted  to  KNH3  within  15  minutes. 
After  completion  of  the  reaction,  the  Hg  by-product  is  allowed  to 
escape  via  stopcock  h. 


Fig,  279,  Preparation  of  silver  amide. 


B)  A,^H2 


The  AgNOa  In  arm  A is  dissolved  in  a manner  similar  to  that 
pt«K^ed  above,  and  both  arms  are  then  filled  to  half  their 
vohii&c  wtch  liquid  NH3.  After  the  solutions  have  become  hoTnn-. 

combined  by  allowing  the  KNHa  solution  to  flow 
”*?-  *”  flclution.  The  resultant  precipitate  of  AgNHa 

purified  by  decantation  with  liquid  NH3.  This 
tv  pouring  the  supernatant  liquid  NH3  into  arm  B 

^ A (B  is  then  in  lukewarm  water,  A in  Ice 

— rae  pgftyjpftata  is  vigorously  agitated,  together  with  the 

on  it,  and  i,  allowed  to  settle.  The 
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supernatant  Uq>iid  NHg  Is  again  poured  off  iulo  B*  TMe  opestflM 
is  repeated  several  times.  Finally  a deep  layer  ef  liquid  to 
condensed  onto  the  precipitate  in  a.  This  arm  la  then  inumereedto 
A “^35  bath  In  order  to  establish  atmospheric  presdure  Ixtslteitad 
apparatus*  stopcock  h la  opened*  and  the  tube  Is  fused  at  dw  The 
liquid  NHa  la  allowed  to  evaporate  slowly  through  stopcock  h and  the 
tube  is  evacuated  to  remove  residual  NHs, 

These  reactions  may  also  very  conveniently  be  carried  out  In  the 
apparatus  of  Fig,  69^  p*  87;  this  apparatus  Is  an  Improved  veralon 
of  the  one  described  above. 


PROPERTIES: 

White*  quite  volumlnofus  precipitate  (when  moist).  Soluble  in 
ammonium  salt  solutions » absolute  ammonia,  and  excess  KNHa; 
insoluble  in  excess  AgNOg*  Blackens  on  exposure  to  light.  The 
precipitate  shrinks  considerably  on  drying  and  acquires  color ^ 
Extraordinarily  explosive  when  dry.  Apparently  Impossible  to 
obtain  an  absolutely  pure  state. 

/n 

REFERENCES' 

E.  C.  Franklin.  Z.  anorg,  allg,  Gbem,  46*  1 (1905);  R.  Jufft,  Z. 
anorg*  allg.  Chem.  331,  121  (1937}* 

■ 'i 


Silver  Aj^ide 
AgN, 


AgNOa  + NaNj  = AgNj  + NaNO* 

160.9  65.0  14Sl9  S5.0 


A solution  of  NaN  3 is  treated  in  tbe  cold  with  a flli^t  excels  ^ 
AgWO  3 ftolutlon.  The  AgN s precipitate  Is  decanted, filtered»wasb» 
With  water,  alcohol  and  ether,  and  dried  In  vacuum  over  cone. 


HaSO^  ^ * 

Alteynat&  metkods:  a}  Slow  addition  of  a 1%  AgNOs  soluti^tof 
14$%  aqueous  HNg,  prepared  by  distillation  of  a solution  of 
H3SO4.  The  product  is  washed  free  of  Ag  ton  [F.  V. 

J.  Amer.  Chem.  Soc.  4Q.  J-&4S  <1918):  Cartlus,  Ber, 

chem.  Oes.  23,  3027  (1890)]. 

^ Precipitation  of  a cold,  a aturat^  solution  of  AgNQ^  ?^;. 
hydraaine  sulfate  [A,  Angell,  Attl  Acad,  del  Line,  2,  569  (1899)^ 


■3 


PROPEHTlESt 


I 


Colorless  crystaUine 


in  wuter  ^ ^tric  acidj  readily  sohibi^ 


0.  glsmser  ano  h.  saoer 

— SeMitlve  to  shock  Slid  heat.  The  white  color 

SS2U^jSy-vi<>iet  on  beating  to  170-180"C.  Detonation  tem^ 
abwt  SOO'C.  Crystal  structure;  orthorhombic.  Heat  of 
^Mttoa:  +67.3  kcsiymolo. 

HEnfRTNCF- 

0,  Tanimaiui  ana  C.  Kroger.  Z.  anorg.  allg.  Chem.  IM.  16 


Silver  Nitride 
AfiaN 

Potassium  hydroxide  pellets  are  added  to  a solution  of  AgCl 
ta  cone*  ammonia  untO  the  efferve seance , caused  by  the  evolving 
NHs*  stops*  The  mixture  is  diluted  with  distilled  water,  filtered 
through  filter  paper,  and  washed  with  water  until  the  filtrate 
is  neutral.  The  moist  product  is  transferred  from  the  filter  paper 
to  a porcelain  dish,  where  it  may  be  stored  under  water  for  seme 
time. 

The  product  oontains  small  amounts  of  AgCl  and  Ag,  but  is 
&ee  of  AgaO. 

Alternate  methods:  a)  A solution  of  Ag20  in  cone,  aqueous 
amnumla  Is  allowed  to  stand  in  air  or  heated  on  a water  bath* 
The  same  may  be  achieved  by  precipitation  with  alcohol.  The 
product  is  impure,  with  a variable  content  of  AggO  and  Ag  [F- 
Basohjg^  Liebigs  Ann.  233*  93  (1886}}, 

b)  Solid  AgF  ' 2NH3  is  stored  for  several  days  over  HaS04  in 
a desiccator.  The  product  is  free  of  Ag^  and  rich  in  Ag:  the  yield 
is  small  JL,  J,  Olmer  and  Dervia,  Bull.  See,  Chim»  France  (4) 
152(1924)], 


STMONTO: 

(Berthollet’s}  feiiminating  or  detonating  silver. 

PtlOPERTIEa; 

^ Formula  weight  337,65,  Black  fialceB,  setnetimes  shining  black; 
wyrtaUiw  appearance  (when  prepared  according  to  Haschlg,  see 
to  HaOp  soluble  In  dilute  mineral  acids,  eixplosive 
?^*™**^  wUli  cone*  acids.  Both  the  dry  and  the  moist  product  may 
^ temperature  for  a long  time.  Slowly 

at  25  C,  Decomposes  at  room  temperature  invacuunUi 
irmmpUHiis  npkwively  m air  at  about  165 '^C,  very  sensitive 
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{explodes)  when  touched  with  objects  of  great  relative  hardneM^ 
even  when  moiet.  Extremely  sensitive  when  but  reltfttv^sSjr 
easy  to  handle  when  moist.  Explodes  readily  when  pqrepax^tty 
Haechlg’s  method,  d^*  9.0,  Crystal  struoture:  cubic.  Heat  of 
formation  (25 ^C):  +61,0  kcal,/raole* 

REFEKEMCE: 

H-  Hahn  and  E*  Gilbert.  Z*  anorg*  Chem.  77  (1949), 


Silver  Acetylide 

AgjCi 

2AgNOi  H-  C,H*  = Ag*Q  -h  2HNO-, 
ms  32.4  K 239  8 IM.O 

Pure  acetylene  is  introduced  Into  a solution  of  AgNOs  which 
has  been  treated  with  a large  excess  of  amsnonta*  The  white 
precipitate  of  AgaCs  Is  filtered,  washed  with  water^  then  with 
alcohol  and  ether,  and  dried  over  P^b  In  a desiccator. 

PHOPERTIZB’ 

White  powder^  light  sensitive,  very  explosivct  particularly  when 
dry.  Soluble  (decomposition)  In  KCN  solution,  yielding  CaHa,  De- 
composed by  HCl  Into  AgCl  and  C^Ha*  Decomposes  bydxolyticany 
in  water  and  alkalis. 

HEFERENCE^ 

J.  Eggert*  Z,  Elektrochem.  U,  150  (1918)* 


Silver  Cyaoamide 

■ , '-'"4 

AgiCNt 

Careful  addition  of  HNOa  to  oommeroUl  CaCNa  at  0*C  ^ 
pH  6 yields  HaCNs.  The  solution  thus  obtained,  which  o^taw 
aljout  10%  HaCNs,  is  treated  with  an  ammoidac^  , 

AgNOa  (adtied  in  small  portional.  The  resi^imt 
pwified  by  solution  in  dilute  HNO3  and  leprecipttatlon  with  dilate 
NH3;  It  Is  washed  and  rapidly  dried  at  130*C. 


PnOPEnTIES: 

Formula  weight  2B5.79.  ^ 

99.5%  Ag;iCHa.  Soluble  in  KChl!  ■»•  4 SjSSSs 

+ K3CNs,  PyrolysU  In  Taouum  proceeds  via  the  iateiiMiWlft  ^ 
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A«r.N.  which  is  Stable  Up  to  €00 *C.  The  de- 

at'  75fl*c.  The  residue  consists  of  Ag 
3SlteiS«e  of  o^Inlde  «td  Na.  If  the  temperature  rise  is  too 
nptd«  tte  pyrolysis  becomes  ejqploslve. 


RKFERKSCE: 

A Chretten  and  B.  Worluger.  Compt.  Rend.  Betad.  Seances  Acad. 
Sol.  233. 1114(1851). 


Silver  Corbonote 


AgiCOi 

2 AgNOi  + NaiCOs  = AgiCOj  + 2 NaNOj 
339.fi  lW-0 

A Solution  of  AgNOa  is  tifft&ted  with  c&rbonnt6  or  bl- 

carbonfite.  When  precipitating  with  the  carbonate,  avoid  an  excess 
of  the  reagent,  since  the  AgaCOa  precipitate  may  then  contain 
oxides.  The  product  is  filtered*  washed  with  water,  and  dried  to 
oonstant  weight  over  HaSO^  and  PgOs-  It  still  contains  traces  of 
wmter* 

Due  to  its  sensitivity  to  light,  a pure  silver  carbonate  can  be 
obtained  only  when  the  preparation  is  carried  out  in  red  light* 

AUerJiate  method:  Electrolysis  of  a 0-02M  solution  of  NaHC03 
using  a silver  anode  and  platinum  cathode.  The  crystalline  pre- 
cipitate at  the  anode  is  AgaCOs  [P-  Demers,  Canad,  J.  Bea,  (A) 
17,  77  (1939)]. 

FROPERTIES; 

Light-yellow  powder.  Very  sparkgly  soluble  in  water;  solubility 
p5"C):  3.2  * 10  ^g*/100  g*  HgO-  Soluble  In  cone,  alkali  carbonate 
solutions,  KCN  solution,  HNO3  and  Splits  off  CO  a on 

beating  (COa  pressure  at  218^C  - 7S2  mm.).  dS^  6.077,  Heat  of 
formation  (25^C);  -120.8  kcal,/mole. 

fixn;  HENCE; 

C.  H.  G.  Jeffrey  and  A.  W,  Wamlngton.  Chem,  Kews  132,  373 

m a^>o<k  " ■■■  — ■ ^ 


Scivftf  Nitrite 
AgNO, 

AgNOi  KNO,  = AgNOj  + KNOj 

I«9,9  ss.i  jQj  j 

A iigrtiaa  rf  S parte  of  KNOa  Is  added  to  a solution  of  8 parts 
Tile  resultant  pale  yellow  precipitate  la  usually 
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contaminated  ’vidth  aonie  AgaO,  which  Is  wm<yv^  l)y  reoryrtal^ 
lisation  from  water  at  70*C,  On  coolingt  AgNOa  crystsUlzM  in 
the  form  of  hair-thin,  almost  colorless  needles*  It  Is  best  to  work 
under  red  light  to  prevent  decomposition* 

PflOPERTES: 

Colorless  to  yellow  needles.  Somewhat  aoluble  in  water;  the 
solubility  Increases  markedly  with  temperature:  tl5*C>  0,28, 
(60‘^C)  1.38  g./lOO  g,  HaiO*  Soluble  In  e?{Cess  nitrites , with  forma" 
tion  of  complex  salts.  Blackens  in  light.  Decomposes  at  140*Cj 
dissociates  into  Ag  and  NO^  on  dry  heating*  In  aweous  solution, 
gradually  decomposes  into  Ag,  AgNOa  and  NO.  4*453*  Crystal 
structure:  orthorhombic.  Heat  of  formation:  —11,6  fccal./moie. 

REFEHEKCEi 

J.  A.  A*  Ketelaar.  2.  Krlstallogr.  tA)  95,  383  (1936), 


Silver  Tartrote 


AgiCjH^Oi 


2AgNO,  + KNaCjH^O,  - AgtCiHiO*  + KNO,  + NaNOs 
(4H;0} 

339.ii  282,2  303.B  lOl.l  fiS.O 


Stoichiometric  quantities  of  AgNOa  potassium  sodium 
tartrate  (Rochelle  salt}  are  dissolved  in  water  aijd  the  Bolutkms 
combined.  On  addition  of  alcohol  (in  which  silver  tartrate  is  In- 
soluble), the  product  precipitates  as  a white,  oheeseilfce  deposit 
which  is  Immediately  filtered  through  a suction  or  ^chner  filter* 
The  precipitate  is  washed  with  aqueous  alcohol  until  no  farther 
Ag+  ion  is  detectable.  Further  purification  may  be  achieved 
by  eryetalllzatlon  from  80 water,  a small  quantity  of  Ag^ 
formed  in  the  process.  The  aqueous  solution  is  filtered  and  alcohol 
is  again  added*  The  precipitate  Is  filtered,  washed 
aqueous,  then  with  ahsoiute  alcohol  or  acetone,  and  dried  in 

vacuum  over  H^O  4. 

Due  to  the  light  senflitivlly  of  the  con^xnxnd,  it  is  best  to  v^orlr 


method:  A hot.  moderately  cone, 
salt  is  added  to  an  S0®C  dilate  solution  of  ^NOa;  the 
(addition)  la  complete  when  the  o^tinualiy 
no  longer  disaolveB.  The  silver  tartrate  ciysyilges  ott 
in  the  form  of  fine  flakes  which  acquire  a white,  matiOlic  eb^- 

on  washing. 
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wute  ttwidAF  or  orysWline  flahes,  not  entirely  stable  in 
Jn  soluble  In  HaO 

SSSwy  rtsS-C  :0.20  g./100  g,  H,0); 

loM  and  other.  Decomposes  In  ammonia  and  NaOH,  ^el^ng 
W).  firolres  COa  on  dry  heating,  leaving  pyrotartaric  actd 

and  Ag  as  residue,  dl”  3.433. 

K£F£  HELICES; 

L.  Bodtenbaoher.  Uebigs  Ann.  38.  132  (1^):  H.  Sauer.  Unpab- 
limbed. 


p.Phononthrolme»ilver  (11}  Persulfcfe 
{AgpbentJSiOs 

2AgN0»  + 4C|,HiNi  +3(NHi)^SiOs 
339.fi  7a0.fi  B94-8 

= 2[Ag(C,,H*N.)*!S*£>,  + 2(NH,),SO.  + 2NH.NO^ 

1320.9  2B4.3  IHO.I 

Two  equivalents  of  an  aqueous  solution  of  o-phenanthroline  are 
added  to  a solution  of  AgMOs.  A coLorlesa,  gelatinous  precipitate 
Is  formed-  It  rapidly  turns  red-brown  on  addition  of  a cone, 
solution  of  (NH«}3Si30bi  and  settles  on  standing  as  fine  crystals. 
The  product  is  suction*'filtered,  washed  witii  cold  water,  and 
dried,  first  with  alcohol  and  ether  and  then  in  a desiccator.  The 
yield  is  quantitative, 

rnopEttriES; 

Forniula  weight  660.44,  Chocolate  brown,  very  stable  crystal- 
line powder.  Insoluble  in  water.  Readily  soluble  (without  de- 
compoeitlon)  in  cold  cone,  nitric  acid,  yielding  a dark  brown 
solutioa  from  which  the  perchlorate  may  be  precipitated  by  ad- 
dlUmi  of  an  excess  of  cone.  NaClO.  solution.  Forms  AsO  in  alkali 
hydroxides. 

REFCItXKCE: 

W.  flieber.  Ber.  dtach.  chem,  Ges,  61,  2149  (1928). 


Tria-a,0£'-dipyrtdyl$il¥er  (U)  Perchlorate 
[Ag(dipyf),](C10,), 


silver  nitrate  and  o,a'-dipyridyl  yields 

M^Ojdli^ylsUTer  mtrate  [Ag(dlpyr)3]N03,  which  is  oon- 
vnwB  MO  ne-o^a  -dlpyrl{fylBllver(nj  persulfate  [Ag(dipyr}®]SaOe 
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with  KaSjaDa,  Tre^meirt  of  this  compcwmd  with  oltrlc  aold  vltoMft 

lAgCdipyrJaKNOaJj;  Jdltioo 
of  NaClO^,  to  an  aqueous  solution  of  this  nitrate  vlelda  a twe- 
cipitftte  of  the  corresponding  percUoraie. 


A)  BlS-a,  a'-DIPYftlDYLSILVER  NITRATE  [AgldipyOjjNO, 

A hot  solution  of  16,9  g.  of  AgNOs  in  aqueous  ethanol  Is  added 
to  a hot  solution  of  31^2  g.  of  %ot  -dipyrldyl  In  ethanol,  yleldlM  a 
precipitate  of  [AgldlpypjgjNOs.  Additional  product  is  recovered 
upon  concentration  of  the  mother  liquor.  The  conuiound  is  re- 
crystalliaed  from  hot  dilute  ethanol. 


paoPERTorsi 

Formula  weight  482,27.  Yellow  needles.  Decon^oses  at  165*C, 
Decomposes  slowly  In  light.  Sparingly  soluble  In  cold  and  hot 
water  and  in  common  organic  solvents  (except  alcohols). 

B)  BlS,Cf,Of'-DIPYRIDYLSa,VER  (U)  PERSULFATE  [AgtdipyrfjlSiOg 


The  yellow  needles  of  {Ag(dipyr)a]N03  are  stirred  into  an 
excess  of  cold,  saturated  aqueous  K^aOa;  a deep  red-brown 
precipitate  of  the  complex  persulfate  Is  produced.  The  reaction 
is  complete  after  two  hours  of  constant  stirring.  The  precipitate 
is  washed  with  cold  water. 

PaoPEItTlES^ 

For Qujla  weight  612.39.  Red-brown  precipitate.  Decomposes  at 
137*0.  Very  sparingly  soluble  in  water,  insoluble  In  the  common 
organic  solvents.  In  air,  converts  to  the  corresponding  hydrogen 
sulfate. 

C)  TRlS-a, Cf '^DIPYHIDYLSILVER  OD  NITRATE  (Ag {dlpyt>a]  (NOalj 


Product  (B)  Is  triturated  in  a mortar  with  cold  nitric  acid  (dl.4>. 

The  excess  acid  is  removed  and  the  residue  extracted  with  warm 
water.  The  brown  aqueous  extract  is  treated  with  an  excess  of 
aqueous  NH4NO3  and  cooled  with  Ice,  thus  precipitating 
dark- brown  needles  of  the  dlnitrate.  The  precipitate  is  pitnS  ^ 
by  solution  in  warm  water  and  repreolpitation  with  stpio^ 
NHtNOa. 

PBOPEirriES:  ' 

Formula  wel^  700.47.  Dark-brown  heedloS.  Deoottqwjle^^ 
176®C,  Soluble  in  water!  the  aqudous  solution  dfeootoposss 
evolving  Oa.  Powerful  oxidant. 


I«U 
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u «n  p(::rchi.orate  fAgidipyrij]  (004)2 


nus  coaowund  is  precipitated  when  NaClO^  is  added  to  an 
•qnoous  soluUcnof  [Ag{dipyr)3}(N03)a-  precipitate  is  washed 

vttti  warm  water. 


PROPERTlESr 

Formula  weight  775*36,  Orange-brown  crystals*  Detonatea  on 
beating.  Very  sparingly  soluble  in  water, 

ANALYSE] 

DetermlDatlon  of  the  Ag  {II)  in  compounds  B-D:  the  complex  salts 
are  treated  with  cold  aqueous  K3,  yielding  iodine:  AgX^+  2KI- 
2 KX  + Agl  + Vb  I3-  The  Iodine  Is  titrated  with  Na^SaOa  solution, 

RE  FERENC  tS] 

G,  T*  Morgan  and  F,  H.  Buratall,  J,  Chem,  Soc,  (London)  193Q> 
2594;  H*  Kainer,  Thesis*  Heidelberg^  1952, 


Very  Pure  Gold 

Gold  (20  g,)  is  dissolved  in  aqua  regia  in  an  8Q0-ml.  beaker, 
and  the  solution  is  concentrated  to  a thick  sirup.  The  nitric  acid 
is  expelled  by  evaporating  the  solution  five  times  on  a steam  bath, 
each  time  with  20  ml.  of  hydrochloric  acid  (4:1}*  The  residue  is 
taken  up  in  G5D  ml,  of  hot  water  and  digested  until  all  soluble 
material  is  dissolved.  It  is  then  allowed  to  settle  for  eight  days  in 
ft  dust-free  atmosphere.  The  precipitate  consists  of  AgCl  con- 
taining smaU  amounts  of  Au*  Pd,  SiOs,  etc.  The  gold  solution  ia 
through  a double  layer  of  thick  filter  paper,  without  dis- 
thkLiug  the  precipitate.  This  and  all  later  precipitates  are  aot 
worked  up  hirther  to  obtain  gold. 

£]Qieiience  indicatee  that  the  gold  refined  by  use  of  SO  a still 
oootains  some  Pd,  while  that  precipitated  with  oxalic  acid  coDtains 
Cu,  Pb  and  other  nxetals.  Therefore  both  of  these  procedures  must 
be  lued  to  obtain  gold  of  the  desired  purity.  Sulfur  dioxide  is  passed 
goid  solution  (80"C)  obtained  above;  the  gold 
PTOC^MI^  qp^itattveiy  on  careful  neutralisation  with  ammonia 
Tbe  product  is  allowed  to  settle  ovetnlght  and  the  deposit 
la  washed  by  decantation  with  hot  water;  it  is  then 
■Mtodfcw  fniT  hours  on  a steam  bath  withcoac.  hydrochloric 
ud  washed  free  of  acid  with  hot  water.  Then  it  is  rediasolved 
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In  a beaker.  The  entire  procedure  ie  repeated  eight  times  In 
to  Ag,  Ni,  2u  and  Pb.  The  product  Is  then  digesIcA 

for  12  ammonia  (1:1),  ■washed  free  of  ammonia  wUlfc 

water.  for  four  hours  on  a steam  bath  with  hot  o<mo.  attrie 

acid,  and  decanted.  Ammonia  (1:1)  is  again  added  and  later  re- 
moved by  washing  with  water.  The  gold  sponge  is  dissolved  In 
dilute  aqua  regia;  after  addition  of  HCl,  the  sohitlon  is  codioen^ 
trated  by  evaporation,  diluted  with  Hrf).  decanted  and  filtered. 
The  gold  is  precipitated  by  careful  addition  (there  is  a danger  of 
foaming  over)  of  small  portions  of  powdered.  cxystalUne 
add.  If  the  solution  retains  a yellow  color,  it  is  carefhlly  neu- 
tralised with  ammonia  and  more  oxalic  acid  is  added;  the 
of  the  add.  is  continued  ■until  the  solution  remains  colorless.  The 
resultant  gold  sponge  is  dissolved  and  repreolpitated  with  ovalio 
acid.  It  is  then  Pd- free.  Finally  the  gold  Is  redlssolvod,  pre- 
cipitated with  SO  a,  digested  with  cone,  hydrochloric  add,  and 
washed  with  water.  The  last  traces  of  HCl  are  removed  with  am- 
monia. The  product  is  transferred  to  a glased  porcelain 
and  dried  at  llO'C,  Yield  75-80%.  The  gold  prepared  in  this 
manner  is  spectroscopically  pure  (free  of  metaUic  Cu,  Ag,  JH, 
Zn  and  Pt). 

AliefJtate  tnetkods:  a)  Preparation  of  pure  gold  by  the  method 
of  G.  Kriiss.  The  product  is  probably  nof  as  pure  as  that  prepared 
by  the  method  described  above  [G.  Kruss,  Liebigs  Aim.  288,  48 
(1887)]. 

b)  Extraction  of  AuCls  ■with  ether.  Total  impurities  in  the 
product,  about  0,001%  [F.  Mylius,  2.  anorg.  allg.  Chem.  ^ 203 
{1911)!. 


PROPEHTreS: 


Atomic  weight  197.0.  M,p.  i063"C,  b.p.  2930‘C;  dl^*®  19.23. 
Crystal  structure:  type  Al. 


REFERENCE: 


T.  A,  Wright.  Metals  and  Alloys  ^ H6  (1932). 


CoMoidol  Gold  . , 

A mixture  of  120  ml,  of  very  pure.  twice-distlHsd  water 
condenser)  and  2.5  ml.  of  a solution  of  6 g,  of  ^^4  ■ 4 ^ in 
one  liter  of  water  is  prepared  and  brought  to  a boil  as  ^ 

possible.  Shortly  before  the  boiling  point  is 
0.1 8N  solution  of  very  pure  potassium  Qatbqnato  to  ad<Wd«^ 
soon  as  tl2^olutlon^£iis  tP  It  to^widmy  awtoled-Bisaife#. 
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Jaw  ■ tirn^jj  ««»***>  a Pvl'fix  jflass  rod) 9 whllo  3-5  wl,  of  a dilute 
SSi^^yftSSldel^  a.?  rni.  of  40%  formaldehyde  In  100  ml. 
ot  'i«ter)  is  added.  Stirring  ts  continued  imtll  a rea^lon  ie  evident 
fttls  usually  occurs  within  a few  seconds— one  mtetite  at  nwst), 
SS-aaoTthe  solution  becomes  bright  red.  It  is  again  brought  to  a 
hull  and  held  at  the  b.p,  for  a short  time  until  the  odor  of  formalde- 

mettods.-  a)  Iteductlon  with  ethereal  solution  of 
Itespborus  (R.  Zsigmondy  and  P.  A.  Thlessen,  Daa  koUoide  Gold 
[OuUoldal  Gold),  Leipslg,  1925,  p.  487).  ^ ^ 

b)  Iteductlon  with  hydrazine  hydrate  or  phenylhydrazomum 
boride  [A.  Guttater  and  F,  Resenscheok.  Z.  anorg.  allg.  Chem. 

112  (1904)]. 

c>  with  sodium  anhydro  methylene  citrate  (citramln) 

IL.  Vanino,  KoUoid-Z,  20^  122  {1917)1- 

d)  Reduction  with  alkaline  formaldehyde  solution  [P.  P.  von 
Welman,  Koliold-Z,  75  (1923)]. 

e)  Sol  of  gold  by  pulverisation  in  an  electric  are  [Th.  Svedberg, 
Ber.  dtsoh.  chem.  Ges,  Mi  1705  (1906);  G.  Bredig,  Angew.  Chem. 
950  (1898);  E.  F,  Burton,  PhU-  Mag.  11,  425  (1906)]. 

rnOPEHTIES: 

Bright  red  sol,  particle  size  about  1-6  - 10  cm.  Highly  sensi- 
tive to  electrolytes.  Concentrated  solutions  (up  to  0.12%  gold)  may 
be  obtained  by  dialysis. 

REFERENCE; 

R.  Zsigtuody  and  P.  A,  Thiessen.  Das  kolloide  Gold  [Colloidal 

Gold],  Leipzig,  1925,  p.  33. 


Gold  from  Re$ldvie$ 

1.  FROM  PUTINC  BATHS 

A clay  cell  filled  with  NaCl  solution  and  provided  with  a zinc 
electrode  is  placed  In  the  gold  solution.  An  electrode  made  of  a 

^ immersed  in  the  gold  solution  and  the 
two  electrodes  are  connected  into  a circuit.  The  gold  is  deposited 
t^utuatively  on  the  brass  electrode  over  a period  cf  a few  weeks, 
whl^  the  brass  electrode  is  replaced  once  or  twice  and  the 
elect3^xi£  ia  pickled  several  timea, 

*ASTE  CONTAlfilNG  GOLD  AND  SILVER 

*«  calcined  and  the  resultant  powder  la  boiled 
wtirto  aoW  to  remove  Ag  and  other  metals.  The  diluted 
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!««»> 


solution  is  fUlered  and  the  residue  is  heaited  wUh  aqua,  xwta  ^ a. 
st^&ni  oath  for  24  hours,  Xha  gold  Is  prodpltatad  ftomtliA 
filtrate  with  F^O*  and  worked  up.  r-  mw 

[i[.  FIIOM  tNDUSTRIAL  ALLOYS 


The  gold  alloy  is  ground  as  finely  os  possible  and  heated  wttb 
cone,  hydrochloric  acid  on  a sand  hath,  oouo.  nitric  arid  being 
added  in  drops  from  time  to  time.  When  solution  is  conqilete, 
mixture  Is  evaporated  in  a porcelain  dish  placed  on  a steam  bath 
(dust- free  atmosphere)  until  the  liquid  solidifies  oncooUeg,  The 
residue  is  taken  up  in  a large  quanti^ of  water  and  allowed  to 
for  some  time;  the  precipitated  AgCl  is  then  fUteredoff.  The 
solution  is  heated  and  the  gold  la  precipitated  with  excess  aqjoeous 
FeCla.  The  supernatant  is  decanted  and  the  residue  boiled  vdth 
dilute  hydrochloric  arid  until  the  BCl  ceases  to  yellow.  The 
solution  is  then  filtered,  dried  and  fused  with  borax  in  a porcelain 
crucible.  If  higher  purity  is  desired,  the  procedure  is  repeated. 
If  present,  Pt,  Pd  and  Ti  may  be  removed  from  the  filtrate  with 
Fe  or  Zn. 

Altsynate  methods:  a)  deduction  with  alkaline  HaOa  [Ij.  Vanlno 
and  L.  Seemann,  Ber,  dtsch.  chem.  Ges.  1968  (1899)], 

b)  The  gold  solution  Is  added  at  lOO'Cto  a solution  of  Hg  s » 

yielding  very  finely  divided  gold  (L.  Vanlno,  Bandbuch  der  prap. 
Chemie  {Handbook  of  Prep,  Chemistry },  Stuttgart,  1921,  VoL  I, 
p.  S20). 

c)  Electrolysis  of  Ag-  and  Pt-contalnlng  alloys  {W.  Mobhm, 
Berg-  und  huttenm.  Ztg.  44,  447  (1886);  47,  324(1888);  Chemiker- 
Ztg.  15,  Rep.  18  (1891);E,Wohlwm,Z,Elektrochem.  4,  379  (1897)]. 


REFERENCES: 


I.  Plage,  In<histr.-BL  190(1878). 

B.  W.  Adolphl.  ChemUcer-Ztg.  §2, 109  (1928). 

IB.  A.  Bender,  Anleitung  z.  Darstellung  anorg.  Praparate  [Intro- 
duction to  the  preparation  of  Inorganic  Compounde],  Stuttgi^, 
1893. 


Gold  [1}  Chloride 
AvC! 


Prepared  by  thermal  decomposition  of  anauiio  chloride  obtained 
from  hydrogen  tetraohloroaurate  {HI}, 

HAuCl^  = AuCl  + HCl  + CIi 


(4H.O) 

411.3  3S^S 


7(19 


c.  SLShtSeH  H*  SAUEft 

M is  protooted  by  * blanket  of  COg  Introduced  through 

- Xhe  tiitrio  acid  Is  expelled  by  double  evaporation 

irtSTot^.  hydrochloric  acid,  and  the  resultant  dark  red-brown 
mK  is  poured  Into  e dlah  where  it  congeals  to  a crystalline  mass. 
Tkla  to  heated  to  100*C  In  high  vacuum,  until  no  vapor  pressure 
Is  «rkb«t.  Since  the  HAUCI4  liquefies  again  during  this  operation, 
oare  should  be  exercised  to  avoid  spattering.  After  all  water  is 
«n»Ued  the  residue  Is  heated  to  156 *C  (boiling  bromobenzene 
balhi..  At  higher  temperatures  (170-205*0  the  decomposition  Is 
complete  wltfatc  a few  hours  ^ 

Atieni^te  methods:  a)  Thermal  decomposition  of  AuCIg  in  air 
ftt  1SS*C  fJ*  ThomsOT,  praW*  Chem*  I3t  337  (1876)], 

b>  Decomposition  of  AuClg  In  a stream  of  diy  HCl  at  175*C 
(M.  E,  Dlemcr,  J,  Amor*  Chem*  Soc,  552  (1913)1- 

c)  Decomposition  of  AuClg  in  a stream  of  dry  air  [F*  H, 
CaiDftoU.  Chem,  News  96,  17  (1907)]. 

The  products  prepared  by  methods  a-c  are  not  completely 
pure. 


STNOJfTMS: 


Aurws  chloride,  gold  moaochioride- 

PBOPERTIES; 

U^t  yellow  crystals,  not  deliquescent,  M*p*  (dec,)  2S9'"C; 
7.4,  Soluble  in  alkali  chloride  sclutlous.  Decomposes  on 
solution  in  water*  Heat  of  formation  (25^C]:  —8*4  kcal,/mole. 

BEFeRENCS; 

W,  BUta  and  W.  Wein.  Z,  anorg,  allg*  Chem.  1^,  192  (1925), 


Gold  (lU)  Chloride 


AuClg 

2Au  -f  3di  - 2AuCU 


^7.2L 


*S«ci^Cl*!t  225-2S0*C  (but  not  higher) 

^a^gaae^  Cl^  at  a pressure  of  900-950  mm.  (The  gold  powder  is 

a solution  of  a gold  salt  with  sulfurous 
^9^  ^rWrlfTs  **  powder  is  in  a porcelain 

At  the  point  inunediateiy 
f tm  tube  widens  into  a sphere  with  outlets  at 
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top  and  bottom.  Excess  Cig  escapes  through  the  upper  outlet}  iSnta 
outlet  also  carries  a rod,  which  can  be  used  to  push  the  AaOl* 
(which  condenses  In  the  sphere)  Into  a storage  flask  via  the  loww 
outlet.  The  yield  Is  Cl.  1-0,2  g.  per  hour  of  large  (up  to  10  mm.  long) 
crystals. 

B.  About  0.2-0.6  g,  of  freshly  precipitated  gold  is  placed  In  a 
50— ml.  flasJc  connected  to  the  atmosphere  via  a reflux  condenser 
and  a drying  tower.  Molten  iodine  monochlorlde  is  added  In  drops 
through  a Bide  tube.  The  reaction  starts  when  the  flask  U heated. 
When  the  reaction  subsides,  an  excess  of  ICl  Is  added  and  the 
mixture  Is  heated  for  a short  time  until  boiling  Just  begins.  The 
solution  is  cooled  and  extracted  several  times  with  CCl*  (diftflllf^d 
over  PaOf).  The  suspension  Is  then  filtered  (suction)  in  a stream 
of  Ns  throi^h  a sintered  glass  funnel}  the  residue  is  washed  with 
CCl*  and  freed  of  CCl^  in  vacuum.  The  yield  is  quantitative. 

Alteryiate  method:  HAUCI4  • 4 is  careMly  heated  in  a 

stream  of  Cl^;  final  heating  for  half  an  hour  at  200*0  {M.  £. 
iHemer,  J.  Amer.  Chem.  Sac,  553  (1913)]. 

SYNONVTWS: 

Auric  chloride,  gold  trichloride. 

REFEKENCES: 

Formula  weight  303.37,  Ruby- red  crystals  (when  subilmed)  or 
red-brown  to  dark  ruby- red  crystalline  mass.  M.p.  229*C»  b^. 
(dec.)  254*C;  3.9.  Mbits  at  288*C  under  a CU  pressure  of  2 

atm.  Sublimes  at  180*C.  Hygroscopici  soluble  In  H,0  with 
formation  of  HatAuClgO],  The  neutral  aqueous  solution  decom- 
poses gradually  with  separation  of  metallic  gold;  acidic  solutions 
are  more  stable.  Soluble  in  alcohol  and  ether.  Heat  of  formation 
(25*C):  -*28,3  kcal./ mole, 

SEFESENCESt 

1.  M.  Petit.  Bull.  Soc,  Chim.  France,  M^m.  37/3S,  1141  4926); 

W.  Fischer  and  W,  Biltz.  2.  anorg.  allg.  Chem.  ITS,  81  C1228J. 
n.  V.  Gutmasn,  Z,  anorg.  allg,  Chem,  264.  169  (1951). 


Kydrcgeti  Tetrachloroourate  {111) 

HABCIi*4HtO 

2Au  + 3C3,  + 2Ha  = SHAuCl* 

(4HiO) 


S&4.0  15117  72.9 

Preciaitated  gold  is  dissolved  In  aqua  regia  and  the 
evaporated  at  ste^bath  temperature  (aspirated  Vapor).  Thdnitrte 


in  uwUed  by  repaating  the  procedure  twice  with  cono. 
^■^ftnhlnrrTT^  which  is  itself  removed  by  evaporation.  The 
is  poured  Into  a dish,  where  it  congeals  to  a 
The  residual  mother  Uquor  is  decanted,  and  the 
mNtteTra  crowed  to  aUow  rapid  drying  In  a drying  closet.  The 
— ^ pi^rtzed  several  times  durli®  the  drying  operation  until 

It  ts  eoanpletely  dry. 


»l»KilTIES{ 

formula  weight  411.90,  Elongated,  light-yeUow  needles,  deU- 
in  moist  air.  Soluble  la  water,  alcohol  and  eUier,  The 
ailOdrous  crystallines  from  alcohol.  One  molecule  of 

H/>  is  given  off  on  proloz^d  standing  in  dry  air.  Crystal  structure; 
manacllalc.  Heat  of  formation:  — 4,S  kcal./mole. 


STNOHTKS: 


Gold  trichloride  acid;  chloroaurlc  acid;  aurochlorohydric  acidj 
bydroohloroauric  add. 

KCFEHENCES; 

W.  Blitz  and  W,  Weln.  Z,  anorg,  allg-  Chem.  192  (1925); 
J.  Tbomsen,  Ber,  dtseb,  ehem.  Ges.  1^,  1585  (18S3), 


Potassium  Tetrochloroaurate  (ill} 

KA«CliVtH.O 

2AuCI,  + 2KCI  + H»0  = 2 KAuCb  • Vt  H,0 
606.7  HS,1  iB.o  7739 

^ aqueous  solution  of  AuClg  or  HAuCl^,  strongly  acidified 
wu  treated  with  an  equimolar  quantity  of  cono.  aqueous 

^1.  and  the  mixture  Is  evaporated  over  or  at  a moderately 

bfgb  temperature. 


PnOREiTTIESt 

FPrn^  weight  386.94.  Light-yellow  needles,  stable  In  air. 

anmniHrnttnii  I*  1“^  ether.  Loses  water  of 

nyMsUlzsttoii  at  109  C.  Crystal  structure;  monocllnlc. 


*»le  psteMhim  cUort<te. 
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HEFEKENCEt 

H.  Topaoe.  Ber*  WUn,  Akad.  H,  69,  261  (1874), 


Gold  [Itf]  Oxide 
AviO) 

■ 

2Au(OH),  -=  AuwOi  + 3H,0 
496.0  442.!}  54.0 

Gold  hydroxide  Is  made  accordlog  to  the  inrooedure 
la  the  next  preparation  and  heated  to  constant  weight  at  140-150'’C. 

It  ie  best  to  start  from  An  metal  if  the  prodoot  must  be  entirety 
free  of  nitrogen  oxides.  The  gold  is  dissolved  In  a^ua  regia  nwd 
the  nitric  acid  is  removed  completely  by  evaporation  with  hydro- 
chloric acid,  repeated  five  times.  The  hydroxide  is  precipitated 
with  a small  excess  of  NaaCO^  {very  alight  bhie  color  on  Jitmne 
paper),  washed  several  times  with  water,  centrifuged  and  parified 
by  electrodialysis  for  14  days.  The  produot  Is  dried  and  ooinrerted 
to  AUgOg  at  140-15 0"C. 

Crystalline  Au^Oq  cannot  be  obtained  by  dehydration  of  An  (OH)  9. 

Alternate  methods:  a}  By  atomisation  of  gold  by  means  of  a ■ 
high-frequency  spark  in  ozonized  O3.  The  oxidation  product  cob^ 
tains  about  40%  Au^Oa,  the  rest  being  elemental  An  (see  Tbiessen 
and  Scimtza,  as  well  as  Sehiitza  and  Schiitza,  In  references  below), 

b)  Precipitation  of  Au(OH)a  from  AuCl^  solution  with  potassium 
hydroxide  by  Fremy's  method  [W,  E,  RoseveareandT,  P.  Buehrer, 

J.  Amer.  Chem,  Soc,  1221  (1927)], 

DETERMINATION  OF  ACTIVE  OXYCSN 

The  solution  is  boiled  in  O.IN  oxalic  acid  and  back-titrated 
with  KMnO^  solution. 


SYNONYMS:  . . 

Gold  trioxlde;  gold  sesquioxldB;  auric  oxide.  ; h 

■ . vii  ■■ 


PROPJ5RTIES:  ' 

Black  to  brownish  black,  Sofuble 
soluble  In  glacial  acetic  acid.  Beoompt^-^'^  ^6®  ® 
and  Og.  Heft  of  formation  (25“C):  + 19.3  kcaUnMite.: 
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KKFCIWNCXS: 


P A.  Tblessen  uid  H*  Sohlttza.  Z.  “iorg- 
' nuai'  M Sabtitu  snd  I-  ScbUtza,  Z,  &norg,  allg.  Chein. 
JSf 'is  (Iss^  g“  Cd..  .»0t8.  «US.  01>™-  IM,  345 
asi?K 


Gold  (Ml)  H/droxide 
Au(OK), 


2KAUCI4  -H  3Na-C0j  + 3HfO 
(V,H,0) 

7739  318.0  M-O 

= 2AutOH)j  + 6NaCl  + 2KCI  + 3COi 

498.0  330.7  149.1  132.0 

A solution  (rf  KAuCi*  Is  heated  for  several  hours  on  a water 
bath  with  an  excess  of  WasCOg.  The  resultant  precipitate  Is 
filtered,  thoroughly  washed,  digested  with  warm,  dilute  sulfuric 
acid,  and  carefully  washed  in  a glass  filter  crucible  untU  the  filtrate 
is  free  of  H^O^.  The  product  Is  dried  at  room  temperature  over 

AUemats  tnsthods:  a)  Precipitation  of  AuClg  solution  with 

bi^Og  [G,  KrUss,  Ueblgs  Ann.  337,  390  (1887)], 

b)  Hydrolysis  of  gold  sulfate  or  nitrate  [P.  SchottlSnder, 
U^igs  Ann.  MI>  (1883}]. 

c)  Fusion  of  gold  with  NagOg  and  decomposition  of  the  re- 
saltuit  Bodhim  aurate  with  dilute  sulfuric  acid  [F.  Mayer,  Compt. 
Rend.  Uebd.  Seances  Acad,  Scl.  1^,  805  (1507)]. 

d)  Anodic  oxidation  of  gold  in  IN  sulfuric  acid  (F.  Jlrsa  and 
G,  Buiyinek,  Z.  Elektrochem.  126  (1933);  W,  G.  Mlxter,  J, 
Amer,  Chem.  Soe.  33,  688  (191)]. 


ETWOWTH: 


Auric  hydroxide. 
fBOPrUTlES: 


Fonuula  weight  248.03.  Brown  powder,  hisolubla  In  HgO, 
■sliMe  In  cone,  acids  and  hot  KOH.  When  dried  over  In 
vncOTm*ti)a  compound  Is  converted  to  AuO(OH>  (slowly  at  room 
9^^esit»re,  rapld^  at  lflO*C),  whereby  the  color  changes,  the 
flMi  MM  raogltig  from  yellowleh  red  to  ocher- brown.  Converts 
to  Au>3,at  140-150^. 


I*.  C:OPP£ft^  eiLVEA,  oouo 


f«M 


HEFBHENGE: 

H.  Lydin,  z,  anorg,  allg,  Chem*  157  (1939), 


Pdtas^tum  Aurat« 

KAaOi'3HiO 

2Au(OH),  + 2KOH  + 2H*0  = 2KAuO,3iy> 
lilt  IB.O  644^ 

Auric  hydroxide  is  reacted  with  warm  cone*  KOHin  the  absence 
of  atmospheric  CO  a*  After  flitratien  the  solution  Is  allowed  tp 
evaporate  In  the  dark*  The  precipitated  crystals  are  dried  In 
vacuum  over  H^SO^, 


PIlOPBRTIESr 

Formula  weight  322.15.  Ught-yellow  needles,  soluble  in  water, 
giving  a highly  alkaline  reaction » Decomposes  on  gentle  heating, 
giving  off  water  and  oxygen*  The  residue  consists  of  Au,  KOS  and 
KOa* 


aEFEHENCES: 

F,  Meyer*  Compt,  Rend*  Stances  Acad*  Scl*  805  (1907)j 
E,  Fremy.  Ann,  Chlm.  Phys*  483  {1853), 


Gold  p]  Suifide 

Aui8  ^ " 

. 

2K[Au(CN)i]  + HjS  + 2HCI  = A«*S  + 2XCl  + 4HCN 
570.3  2S.4L  73.0 

A cone,  solution  of  K[Att(CN>3],  <>l'taiiied  hy 
solution  of  AuCl- with  excess  KCN,  is  saturated 
chloric  acid  Is  added  to  the  clear  solution  and  the 
heated,  resultii«  in  the  appearance  of  a brown 
rapidly  settling  precipitate  is 
washed  with  water,  and  then  su^ssivejf 
CSg  and  finally  again  with  ether.  The  product  Is  dried  to  oonetant 

S,«uy 

are  difficult  to  remove.  It  may  be  .freed 

filtering  and  repreclpltating  with  boiling  hydPOclJ$rfer 


o*  SAUER 


WWMWIISs 

ftiimn.Mftct  Bowdor  when  dry.  steel-gray  when  moist.  The 
fc-S^lSSa£dVompound  la  readily  soluble  In  water,  forming 
Duticularly  in  the  presence  of  HsS<  Easily  recoagulated 
bv  hwtrechlorio  *cid  and  salts.  Insoluhle  after  drying  over  PaOg, 

SST^dlied  by  aqua  regia  and  strong  oxidants.  Soluble  in 
rftiftMtifm^  of  KCN  and  alkali  polysulfides.  Decomposes  at  240  C 
iBito  Au  and  S. 


RSFERENCEt 

B^ffTnai^n  and  a.  Kriiss.  Ber.  dtsch.  chem.  Ges.^,  2361 
(1887). 


Gofd  (111  Sulfide 
AiiS 

SAuCJj  ->-  9HtS  + 4HjO  = 8AuS  + 94  HCl  + H,SO, 
m"  30.21.  7.a  183.3  87.S  9-9 

A neutral  1-3%  solution  of  AuCl^  is  precipitated  in  the  cold 
(the  temperaturemustaotexceed4D‘’C)  withH^or  an  alkali  sulfide. 
The  pirecipitate  is  filtered,  thoroughly  washed  with  water,  and 
treated  with  alcohol,  anhydrous  ether,  CSa  and  again  with  ether. 
The  product  Is  dried  at  ISO’C  over  PsOa. 

AUemate  method:  A solution  of  AuClg  is  added  in  drops  to  an 
aqueous  solution  of  sodium  dlthlosulfatoaurate  (1}  {for  preparation, 
see  under  An^  a)  {Antony  and  Lucchesl,  see  referenoes  below). 

PaOPEBTIES: 

Formula  weight  229.07.  Deep  black.  Insoluble  in  water  and 
acldsi  soluble  in  aqua  regia  and  solutions  of  potassium  cyanide 
end  alkali  polysuliides.  Resistant  to  KOH  In  the  cold,  decomposes 
after  prolong^  boiling,  liberating  gold.  Thermal  decompositicn 
begliw  at  140*C. 

BEFCKEMCeS: 


P.  ftgwy  ^ A.  laiochesi.  Gazz.  Chlm.  Ital.  19,  552  (1889);  20. 
€t  D.  Hoffmann  and  G.  Kriiss,  Ber,  dtsoh,  chem. 

2704  (1887). 


19*  COPPER,  SILVER,  4}OLD 


Gotd  (Ml)  Sulfide  , 

AdtS) 

2HAuC1,  + 3H,S  = AutS,  + 8HC1 
(4H,0) 

S23*i&  67.2  Ir  490.^  SJ&1.7 

A fast  stream  of  H33  Is  Introduced  into  XN  hydiocUorlc  aetd 
at  —2  to  -4  C;  simultaneously,  a cooled  solution  of  HAuCU  * 4 Hrf> 
is  allowed  to  flow  in.  The  black  precipitate  is  digested  with  wator* 
washed  free  of  acid,  treated  with  alcohol  and  ether,  extracted 
with  CSa  in  a Soxhlet  esctraotor,  washed  with  ether,  and  dried  In 
vacuum  over  P^s- 

AlteTimt^  methods:  a)  A solution  of  AuCl^  In  absolute  ether 

Is  saturated  with  H3S.  The  product  is  washed  with  CS*  and  alcohol 
IK.  A.  Hofmann  and  F,  HBchtlan,  Ber*  dtsch.  chem,  Ges.  37,  245 
(1904)].  ~ 

b)  Completely  dry  LlAuCl4‘aHaO  Is  treated  with  at 
"•lO^C.  The  product  is  extracted  with  alcohol,  CSa,  &nd  again 
with  alcohol  and  ether,  and  dried  at  70”C  in  pure  Na  [U,  Antony 
and  A.  Lucohesi,  Qazz.  Chim.  Ital.  19,  552  (1889)]. 

PROPERTIES; 


Deep  black.  Insoluble  in  water,  Hesistant  to  faydrochloiio 
and  sulfuric  acids  and  dilute  nitric  acid.  Vigorous  reaction  with 
cone,  nitric  add.  Soluble  in  cone.  NagS  solution,  alkali  poly- 
sulftdes  and  KCN*  8.754, 


REFEHENCE: 

A.  Gutbler  and  E,  Durrwachter.  Z.  enorg.  allg*  Chem.  121  ,..265 
(1922),  ■ i'V 


Gold  (I)  Acatylida 


Prepared  by  precipitating  a solution  of  sodium  ditWospif^ilo- , 
aurate  (i),  Ka3[Au(S^;))a]  • ^ acetylene,  : . 

A)  SODIUM  DlTHiOSULFATOAURATE  (D 

A Botatlo.  Of  8 pMt.  0«  MmBBO.  • 8 »10 
Ifi  reaoted  (stirring)  with  a solution  of  1 part  of -AuGl* 


o,  GLKMSER  ano  W,  SA^JER 


Af  MiKT  Tkft  ffold  solution  is  addfid  in  portions , each  portion 
SitTSied^^er  tha  red  color  resT^tJ^  from  the  previous 
SS^r^^sappoared.  The  compound  I0  precipitated  from 
JEiSirtloo  Witt  ^ repeated  solution  in 

water  tati  repreoipitatton  with  alcohol. 

Bi  gold  (!)  ACETVLIOE 

A solution  of  NsalAiKSsOa),] 

<rfeyi»  aqueous  ammonls  and  then  slowly  saturat6d  with  CaH^, 
T^rlol^ian  becomes  yellow,  and  a yellow  precipitate  deposits 
after  some  Ume.  It  Is  washed  by  decantation  with  water  and 
Alcdbolr  filtered  and  dried  over  H3SO 


PBOPERTIES; 

Formula  weight  418,02*  Yellow  powder.  Insoluble  in  water; 
decomposes  in  boiling  water  without  evolution  of  CaHal  decom- 
poses slightly  in  hydrochloric  acid  with  evolution  of  Ex- 

treniely  explosive  when  djy-  Detonates  at  83* C If  rapidly  heated, 

REFERENCE: 

A.  Mathews  and  L-  L,  ’Watters,  J-  Amer.  Chem*  Soc*  108 
(1980), 


Gold  [Ij  Cyanide 
AnCN 

K[Au(CN).]  + HGl  = AuCN  + HCN  4-  KCl 

ass.l  30-5  2J3X)  27.U  74.6 

An  a^meouB  solution  of  K [Au(CN)  a ] Is  mixed  in  the  cold  with 
IV'drDchlorle  acid  and  warmed  to  S0*C*  Most  of  the  AuCN  pre- 
cipitates, The  mixture  fs  evaporated  to  dryness  on  a steam 
bath,  reeuitipg  In  removal  of  HCH,  The  residue  is  taken  up  In 
water,  fitteredt  thoroughly  washed  (In  the  absence  of  sunlight)  to 
remove  KCl,  and  dried  over  H^SO  4 or  PaOp- 

Attentate  methods:  a)  Precipitation  of  a solution  of  AuClg  witlx 
KCN  [P,  O.  Figuicr,  J.  pharm.  CMm.  22,  329  tl836)]. 

b)  Deoompoeition  of  Na[Au<CN)a]  with  HCI  tA.  Woerinz, 
Meialloberflache  8j  ll,  162  (1954)]. 

raopevtaas-. 

- - *1*””  ygHow  crrstaUtne  powder,  stable  in  air.  Sparingly 
MMte  to  water  and  dUtite  acids.  Soluble  in  solutions  of  alkali 


19.  COPPER,  SILVER,  gold  |pq|j 

cyanides,  KOH,  ammonia,  NaaSdO*  and  (NH.\-a  " --- 

cLwi? 

moistp  Q4  V-I4*  C^flta.1  structure;  hexagonal* 

fiEFEHENCEr 

K,  Himly*  Ltebigs  Ann*  4^  157  (1B42), 


Potassium  Dk/anoaurate  (I) 
K[Au(CN),l 


Formed  when  “fulminating  gold”  ia  dissolved. 

Pure  gold  (10  g.)  is  dissolved  in  50  ml,  of  aqua  r^a  (34  ml.  of 
cone,  hydrochloric  acid  and  16  ml.  of  nitric  acid,  d 1,33}  on  a 
steam  hath.  When  solution  is  complete  (after  about  twoh^s), 
“fulminating  gold”  is  precipitated  by  addition  of  an  eatcesa  of 
ammonia.  It  is  washed  until  Gi-free,  dissolved  while  still  moist 
in  a slight  excess  of  KCK  solution,  concentrated  on  a steam  hath, 
and  allowed  to  crystallize  overnight.  Additional  salt  may  be  re- 
covered from  the  mother  liquor.  The  product  is  recrystallized 
from  an  equal  amount  of  boiling  water,  and  dried  over  P^Og  or 
cone,  H^O*.  Yield  90%, 

Alternate  methods:  a)  Electrolytic  solution  of  Au  in  warm 

aqueous  KCN  [J,  Glassford  and  J.  Napier,  Phil.  Mag.  61 
(1844)]. 

b}  To  prepare  solutions  of  K[Au(CN)3]  or  Na(Au(CN)a]  for 
use  In  gold-plating  baths  and  still  avoid  using  gold  sponge  or 
evolution  of  HCN,  HAuCU,  in  an  amount  corresponding  to  3 parts 
by  weight  of  Au,  is  dissolved  in  50  parts  by  weight  of  water.  The 
flask  contents  are  swirled  around  while  NaaCOa  or  KaCO^ls 
added  until  a test  with  Congo  paper  no  longer  yields  a blue  ooior. 
The  gold  solution  is  then  poured  into  a porcelain  dish  and  allowed 
to  react  (stirring]  with  5.2  parts  by  weight  of  NaON  or  6,8  parts 
of  KCN;  the  solution  becomes  warm  and  colorless.  Six  parts  ^ 
annealed  0.02-mm.-thlok  gold  foil,  cut  into  small  chips,  are  addi^ 
and  the  mixture  is  heated  for  several  hours  on  a water  Mth  with 
stirring  and  replenishing  of  the  evaporating  water,  ^t^al  un- 
reacted gold  is  removed  and  the  solution  is  evaporated  to  dryness 
[A.  Wogrinz,  Prakt.  Cbem.  (Vienna)  3,  216  (1952}]. 

SYNONYM: 

Gold  potassium  cyanide. 


rnOPERTIES: 

Formula  weight  288.14. 
in  BgO,  sparingly  soluble  in 


Colorless  crystals.  Headily  solifole 
aioobol,  insoluble  in  ether  and  aeefoae. 


A,  SLrMSCn  AND  H,  SAUER 


FiOAlpttatod  froxD  sAtxmted  aqueous  solution  by  sulfuric  acid, 
k^darooUcrte  told,  nitric  acid  and  alcohol*  Decomposes  on  boUlnr 
«ltli  Stable  in  air  and  iigld.  d^^*  3.4€* 

wranEKcr; 

F*  Chomnetius.  ChemUcer-Ztg.  ^,  823  (1927). 


2,inc^  Cadmium,  Mercury 

F.  WAGENKNECHT  AND  R,  JUZA* 


Zinc 

Zn 


VERY  PURE  Z[NC 

Certain  grades  of  commercial  zinc  are  quite  pure.  The  hiiJtest 
purity  may  be  achieved  distillation  (Procedure  I)  or,  starting 
from  ZnS^  * by  purification  of  the  salt  and  electrolytic  laola^on 
of  the  metal  (Procedures  I and  n)*  Extreme  purity  of  zinc  salts  is 
particularly  Important  In  the  preparation  of  scintillators ■ 

J.  PURIPICATON  OF  21NC  SULFATE  IN  SOLUTION 


Aluminap  standardized  by  the  method  of  Brockmann,  is  intro- 
duced in  portions  into  a glass  tube  (30  cm#  longp  4 cm.  diameter) 
provided  with  a fritted  gUsa  disk  at  one  end*  After  each  addition 
the  adsorbent  is  compacted  with  a glass  pestle  or  by  applying  a 
vacuum.  The  material  is  allowed  to  fill  2/3  to  4/5  of  the  tube 
length.  The  material  is  prevented  from  fluidizing  by  placing  ft 
piece  of  filter  paper  on  top*  The  flask  cxintalnlng  the  ablution  ^ 
above  the  column;  the  liquid  flows  into  the  colunui  throu^  4S 
inlet  tube  bent  at  an  acute  angle*  The  bottom  exid  of  the  cbluihn  Is 
placed  In  a suction  flask-  Continuous  operation  of  the  syetem 
achieved  by  applying  a slight  vacuum.  The  adsorbent  removeB 
As,  Sb.  Bl,  Cr,  Fe,  Hg,  U,  Pb,  Cu  and  Ag.  ^ 

To  remove  N1  or  Co,  the  ZaS04  solution  Is  made  alkaline 
ammonia  and  filtered  through  alumina  that  has  been  pretee?^ 
with  an  alcoholic  solution  of,  respectively,  diacetyidloximfe  or  ^ 
nltroso-fl -naphthoL  i 

Manganese  may  be  removed  by  adding  to  the 
0,5  g.  of  (NHOaPbCla  J" 

HgO,  heatl^  fte  mixture  for  a sliort  time  to  Use  boUiBg^oiAt, 

' -a",  -i- 


*The  second  edition  was  reiri$iedl)y  IW.  Hi  Bv  Sbhust^.  ij 


F*  and  JU2A 


lOCt 

MKl  fllterliw  off  the  deposit  of  PbO,  flakes  after  24  hoor^s.  Traces 
If  t£  Pb  w removedby  passing  the  solution  through  an  A igO^ 
oetama  and  concentrating  the  product.  Solutions  purified  with 
AUQ»  as  atow  satisfy  the  most  stringent  requlrementa* 


n.  KlATTftOU  nC  SEPAHATION 

The  electrolyte  should  conUin  40-60  g./Hter  of  2n  (calculated 
AS  the  sulfate).  A piece  of  silk  taffeta  serves  as  the  membrane, 
Pure  ZoO  is  suspended  by  stirring  in  the  anode  ohamber+  The 
cathode  is  Al  or  Pt,  the  anode  is  Pt,  The  current  density  is  0.01- 
0.03  ampVcm  * The  Zn  deposit  may  be  peeled  off  cleanly  from 
i^yjpinum  sheet  by  cutting  off  its  edges*  Inciuslons  are  re^^ 
m<iTed  fusing  with  a small  quantity  of  NH+Cl  in  a porcelain 
crucible.  The  ingot  Is  pickled  clean  with  HCl  and  thoroughly 
washed  with  distilled  water. 


m.  DISTILLATION  OF  METALLIC  ZINC 

The  last  step  in  the  purification  of  the  Zn  metal  is  a double 
vacuum  distillation.  The  operation  is  carried  out  in  a Vycor 
tube  shaped  as  in  Fig.  280,  After  the  distillation  (650^0) i a 

slight  gray  depositi  which  is 
separate  from  the  main  body 
of  the  distillate*  may  be  ob- 
served at  b.  It  contains  Cd. 
Traces  of  a black,  very  fluffy 
Impurity  are  left  at  ci.  No 
impurity  deposit  is  formed  at 
1?  during  the  subsequent  second 
distillation.  To  prevent  con- 
tamination of  the  final  product 
with  some  heavy*  low-volatility  components  still  present^  the  second 
<U»tiUaUoa  is  stopped  before  the  material  at  a is  depleted.  The 
resultaiit  Zd  product  Is  spectroscoploally  pure.  If  a quartz  tube 
te  med  and  larger  amounts  of  2n  {e.g.,  30  g.)  are  distilled,  the 
distillate  adheres  very  strongly  to  the  tube  wall- 


furnace 


F%-  280,  Diatillatiou  of  zinc. 


PaOPIlBTlES- 

- 65,38.  Bluish  white.  Solubility  in  Hg  (18  "Cl 
J.Z  g.  Zn/100  g,  Hg.  M.p.  419.4"C,h.p.  305-7"Cf  d 7.133.  Hardness 
2^.  Crystal  structure!  type  A3  (Mg  type).  Electrochemioal 
■qwtalent  1,320  g,  (amp, . hr.)-i . 


^ Ber.  dtsqh.  chem.  Ges.  75,  5BS 

iWS^i  W.  Schlkore  and  E,  G,  Muller.  Z.  anorg.  Chem.  255. 


20.  ZINC,  CADMIUM,  trtERCURV 


10«9 


3^  (1948);  W.  Schikcr^  and  T.  P&nkow  Ibid  ftfis  tc  iioAoi 


Zinc  Hydride 


ZnH, 


I.  Ztd,  -^  2L^A1H^  = ZnH^  + 2AlH,  + 2La 

319.2  67,4  59  9 2fl7,7 

Ether  solutions  of  Znl^  and  LIAIK*  (mole  ratio  li2)  are  mixed 
at  — 40®C  or  below;  a white  precipitate  forms.  The  product  must 
be  separated  immediately  by  centrifugation  to  prevent  contamina- 
tion hy  polymeric  (AIHg)* , which  begins  to  form  after  some  time. 
The  Lil  remains  in  the  supernatant  solution. 

II.  Zn(CH,)s  + 2LiAlH^  - ZnH,  + 2LiAJHiCH, 

f>5.4  75.9  07,4  103.9 

DimethyUinc  (0.57  6 mmoles)  is  distilled  in  a completely 

dry  atmosphere  into  an  Ice-cold  solution  of  0.59  g.  ^15.6  mmoles) 
of  LlAlH*  in  10  g.  of  absolute  ether  (predried  over  LlAlH*).  The 
white  precipitate  obtained  on  heating  the  mixture  to  room  tem- 
perature is  filtered,  washed  several  times  with  absolute  ether, 
and  freed  of  adhering  ether  by  beating  to  50*  C in  vaouium. 

The  dimethylzlnc  needed  for  this  preparation  is  obtained  by 
heating  Hg(CH3)3  (p.  1119)  with  a large  excess  of  sine  shot  In  a 
closed  tube.  At  120  ®C  the  yield  is  quantitative  after  64  hours. 
The  dimethylzinc  may  be  distilled  at  atmospheric  pressure  in  a 
stream  of  Ks.  B.p.  46®C. 

PROPEHTIES: 

Solid,  white,  nonvolatile  when  pure.  Readily  oxldizedi  reacts 
ivith  or  humid  air,  evolving  Ha.  This  reaction  is  very  vigorous 
in  the  case  of  old  preparations,  which  often  ignite  spontaneoim^. 
Stable  for  some  time  at  room  temperature  In  dry  air;  in^g|L 
vacuum  at  90 ®C,  gradually  decomposes  to  the  elements. 

XEFEREHCES: 

L W.  Wiberg,  W-  Houle  and  R.  Bauer.  Z.  Haturforsohg,  6fc.  383 

IL  Barbaras,  A.  E.  Finholt.  H.  J.  ScWeslnger  etaj-,* 

Amer*  Chein*  Soc*  23,  45fl6  (1951)*  . ■ ^ 


r.  »#W1KN«NCCHT  AND  R,  JU2A 

Zinc  chtorid* 

ZnCli 


2n  + 2HC1  = 2tiCU  + H» 
6S4  7»9 


L Very  pure,  enhydcous  ZnCia  is  prepared  ^^treatlng  Zn  with 
drr  HCl  at  700"C  ia  a ouartz  boat  placed  in  a tube  of  high-meltlag 
At  this  temperature,  the  formation  and  subllmatioij  of 
jnCia  aroceetl  at  sufficiently  high  rates*  The  aublinied  cmorlde 
is  collected  in  a section  of  the  tube  which  is  kept  cool  for  this  pur- 
pose. Temperatures  above  70O"C  should  be  avoided,  since  en- 
traimnent  of  alnc  vapor  with  the  chloride  may  result,  a phenomenon 
f^cognlxable  by  the  appearance  of  a color  In  the  otherwise  colorless 
sublimate*  For  additional  purificationi  the  chloride  may  be  resub- 
Umed  In  a stream  of  HCL 


IL  The  same  reaction  can  be  carried  out  in  anhydrous  ether. 
Ether  sad  excess  HCl  are  removed  on  a steam  bath  {vacuum). 


HL  Zn  + SCuCl  = ZnCl?  + 2Cu 

65.-1  m.Q  136.3 


A solution  of  CuCl  in  pure,  dry  acetonitrile  {dlatUled 

several  times  over  P3O5)  Is  electrolysed  at  room  temperature 
with  a Pt  cathode  and  a Zn  anode  {voltage  across  the  terminals 
is  12  V*)-  The  electrolysis  proceeds  under  a blanket  of  absolutely 
dry  Na*  The  reaction  is  complete  when  a gray  coating  of  Zn  is 
otaserved  on  the  Cu  deposited  at  the  cathode.  The  solvent  is 
eraporated  In  vacuo,  and  the  acetonitrile  solvate  of  ZnCU  is 
oooveiied  into  the  unsoLvated  salt  by  careful  heatings  Yield  96*- 
99%. 

If  the  appro^^rlate  copper  salts  are  used,  the  process  may  also 
be  emplcyed  for  the  preparation  of  ZhBr^  and  Znia,  and  by  sub^ 
atituUi^  a cadmium  aziode  for  the  zinc  electrode,  CdBra  and 
Cdia  may  be  prepared. 

Zinc  chloride  exists  in  three  different  crystal  modifications. 
Details  m the  preparation  and  the  structure  of  the  pure  individual 
modmcattons  are  given  by  K,  R*  Oswald  and  H*  Jaggi  [Helv, 
aim.  Acta  72  (I960)]. 


rwowiciiKa; 


. hifjily  hygroscopic,  small  crystals.  M.p.  313"C, 

S:  solubility  per  100  ml,  of  HaO:  (0*C> 

Mi  <30*0  307  & (d  2,08),  (100*C)  614  g.  Crystallizes  in  the 


zo.  ZINC,  CADMIUM,  MCRCURV 

anhydrous  form  only  above  28  "C.  Soluble  In  methanol  ethanol 
fltHer,  acetone  and  other  organic  solvents.  eimmit 

flEFEflENCES: 

L O*  Honlgschmid  and  M-  von  Mack,  z*  anonCe  alte  Chcm  24fl 

IW. ““ 

“■  Ssai'am"*™  '''  ®”“"’  ''• 

HI,  H-  Schmidt.  Z*  anorg*  allg*  Chem.  2;^,  305  (10&3), 


Zinc  Hydroxychloride 
2n(OH)C| 

ZnO  + ZnCii  + HjO  = 2Zn(OH)Cl 
^SL4  136.3  18.0  £35.7 

Zinc  hydr oxychloride  is  one  of  the  basic  zinc  halides  vrtiicli  can 
be  prepared  as  well-defined  crystalline  compounds  by  several 
methods,  for  example,  by  dissolving  ZnO  in  zinc  halide  solutions 
of  definite  concentratioru 

The  compound  is  prepared  by  adding  6-7  g,.  of  ZnO  to  100  ml, 
of  a 70%  solution  of  ZnCig  and  heating  to  about  15fl"C  until  solution 
is  complete,  (If  seeding  crystals  are  present,  the  solution  becomes 
turbid  and  crystallization  begins  at  133“C*)  A coarsely  crystalline 
product  is  obtained  by  cooling  the  solution  to  50 “C  (where  the 
first  crystals  separate),  then  heating  to  135 ®C  and  allowing  the 
mixture  to  cool  slowly  to  room  temperature  over  a period  of  24 
hoxirs*  Most  of  the  crystals  deposit  between  130  and  i00*C*  The 
mass  is  carefully  crushed  and  washed  with  acetone  until  the 
filtrate  exhibits  only  a weak  opalescence  on  addition  of  AgNOs-  The 
product  is  dried  in  vacuum  over  CaClg. 


SYNONYM: 

Zinc  chloride  hydroxide* 

paoPEarms:  . 

Formula  weight  117.85.  Colorless  hexagonal  leaflets.  The 
chloride  content  Is  removed  by  water, 

HEFEBESCJESt 

l>riot.  comptes  Rendus  Hebd.  Seances  Ac^.  SdL  M*  1428 
W.  Feltkneoht.  Helv.  Chim.  Aota  i3,  22  (1930). 


r,  v(*oe«kn£cnt  and  r.  iuza 
Ammonium  Teirachbroiincato 
(NMJfZnCti 


ZnCU  + 2NH,CI  = (Niij}iZnCL 
136  a WO  “■*3  3 

A soluUon  of  70  g.  of  ZnCU  and  30  g.  of  NH^Cl  is  prepared  by 
tMUr«  with  29  (!)  ml.  of  hot  H^O*  It  is  advisable  to  measure 
tibe  water  with  a balance*  The  homogeneous  dlammonlum  salt 
cnrystalliaes  on  cooling.  Yield  45  g- 

The  three- component  system  ZnCls^-KH^Cl^HBO  has  been  In- 
»wtjgated  by  Meerburg^.  It  was  found  that  (NK^JE^nCi^  can  be 
precipitated  only  from  solutions  which  have  higher  concentrations 
of  ZnCla  than  the  desired  salt*  A solution  containing  ZnClg  and 
NH^Cl  in  a 1*2  ratio  usually  yields  the  salt  ZnCU  - 3 NH4CI. 

PROPERTIES  r 

Shiny,  orthorhombic  leaflets,  crystal lizabie  only  from  ZnCl^ 
solutions*  M*p-  ^ 150*C;  d 1,854  Crystal  class  Dah- 

R£F£H£flCE; 

A.  Meerburg.  Z,  anorg.  allg*  Cbem*  199  (1903)* 


Zinc  Bromide 


ZnBr< 


Zn  HBr  + ViBr,  ^ ZnBt.  + Vr  Hj 

eS.4  a0.&  79.9  £-25,5 

purest  material  Is  obtained  by  electrolytic  ally  dissolving 
piffled  Zn  in  a mixture  of  aqueous  HBr  and  Br ^ in  a quartz  disb* 
Tte  solution  Is  digested  with  an  excess  of  Zn*  filtered  and  crys- 
^ evaporation.  The  crystals  are  recrystallized  from 
cUtute  hydrobromlc  Hcid  and  separated  from  the  naother  liquor 
^ ceofrlfugattotL.  The  product  is  then  sublimed  in  a stream  of 

AUerttaie  mtthod:  See  under  ainc  chloride,  p.  1070. 


paopcjcriES; 


aa^iees,  bl^y  IvgroscqplQ  crystals.  Sublimes,  producing 
«.p,  3»4"C,  b,p.  660*Cj  d 4,201,  SolubUily  (0*C) 
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388  g.  (2  H^);  (100  "C)  676  g.  (anhydrous  ZnBra}/100  nd.  H^O 
Anhydrous  when  crystallized  37*C.  Soluble  to  (d^Stol  jSs 

ether.  Crystal  structure:  tetragonal;  space  groiq)  Mi/a^ 


HEFERENCES-. 


G.  P,  Baxter  and  M,  R.  Grose,  J,Aiaer.  Chem.  Soc.  868 
G,  P,  Baxter  and  J.  R,  Hodges.  Ibid.  1242  (1921). 


Zinc  Iodide 


Zol, 


Zn  + I.  = Znli 
65.4  £53.6  S19.’2 

L One  part  of  zinc  dust  is  digested  with  three  parts  of  Iodine  and 
10  parts  of  HgO  until  dlsajppearance  of  the  Ig.  The  mixture  is 
filtered  and  concentrated  over  HaSO*  and  NaOH  in  a vacuum  dealc- 
cator  (Na  atmosphere).  The  Znlg  which  crystallizes  out  Is  vacuum- 
distilled  at  about  400 "C. 

Well^drled  Znlg,  prepared  by  the  wet  method.  Is  sublimed  in 
an  oil-pump  vacuum.  The  evolving  iodine  is  eiipelled  firom  the 
apparatus.  The  compound  is  obtained  as  a pure  white  subli- 
mate. 

II.  One  part  of  zinc  dust  is  refluxed  with  two  to  four  parts  (de- 
pending on  the  quality  of  the  Zn  dust)  of  iodine  and  10  parts  of 
absolutely  anhydrous  ether  until  the  initial  coloration  of  the 
liquid  disappears  completely.  The  residual  Zn-ZnO  slurry  is 
removed  from  the  ether  solution  by  filtration  through  h fritted 
^asa  filter.  Most  of  the  ether  Is  distUled  off,  leaving  a product 
containing  about  0.5  mole  of  ether  per  mole;  the  ether  is  drived 
off  In  vacuum  (fanning  of  the  flask  with  a flame  will  help). 

Alt^maie  method:  See  under  zinc  chloride,  p.  1070, 


raOPEHTEES: 


Colorless,  highly  hygroscopic  crystals.  M.p,  446  C,  b.p. 
624“C;  d 4.736.  sSubillty  (IS’C)  432  g.[  (100*C)  610  g.  (anbydrouB 
8alt)/l00  ml.  HaO.  Below  0"Ci  Znla  ■ SHaO  crystaUl^  cm  of 
solution.  Soluble  in  ethanol,  ether,  acetone  and  dlc^e. 
in  vacuum  (crystal  nuBCdifis)*  Dwosuposos  cn  baatiiig  ■*. 

Crystal  structure:  tetragonal;  space  groig;  Ui  /acd. 


IW 


WAKSENKNECMT  AND  R,  JUZA 


u T.  J.  webu  Jt.  ra»»-  Cbem.  K.  “»  “■* 

u.  Latirer  and  R.  Plata.  Heldel. 

berg. 


Zinc  Hydroxide 
(crystalline) 

FaZn(OK)t 

L ZnO  ~ NaOH  "T  KiO  = NaZn(OH)a  — Zn(OH)5  + NaOH 
Sl.^  40.0  ia.O  139.4  W.4  40.0 

An&lyUcal  grade  ZnO  (160  g.)  is  refluxed  In  a round-bottom 
flask  containing  a solution  of  600  g.  of  NaOH  in  300  ml.  of  HaO. 
After  the  ZnO  is  diasolTed,  the  solution  is  diluted  with  300  ml. 
of  BgO  and  cooled  to  60 ®C.  At  this  point,  the  volume  of  the  solution 
is  about  900  ml.  It  fa  filtered  and  diluted  10  times  with  water. 
Crystalline  Zn(0H)3  separates  out  after  2-3  weeks.  This  is 
filtered,  washed  first  with  cold  water,  then  several  times  with 
warm  water,  and  dried  over  cone* 

Small  needles  are  formed  dnring  the  Initial  stages  of  crystal^ 
lia^tion;  however,  standing  converts  them  into  the  other  crystal 
form. 

H,  Amorphous  Zn(OH)a  is  prepared  by  adding  the  stolohiometric 
quantity  of  ammonia  to  a solution  containing  a known  quantity  of 
Z11SO4.  The  precipitate  Is  filtered  and  washed  thoroughly  to  re- 
move as  much  of  the  adsorbed  sulfate  as  possible  [if  the  Zn(OH)a 
Is  worked  up  without  preliminary  washing,  the  product  consists 
of  basic  sulfates].  The  moist,  washed  precipitate  Is  dissolved  in 
tbe  required  amount  of  cone,  ammonia.  Then  NHa  Is  slowly 
separated  from  the  solution  by  placing  the  beaker  with  the  am- 
monia solution  together  with  a beaker  with  HaSO^  under  a bell 
jar,  A large  quantity  of  crystals  Is  obtained  within  a week.  It  is 
important  that  the  initial  removal  of  NH^  be  slow;  then  tbe  re- 
stiliant  crystals  are  0.5  cm*  long,  on  the  average. 

FBDPCRIIEE; 

Colorleoe  CEysUle.  In  equilibrium  with  water,  stable  up  to 
3t  C;  decomposes  at  higher  temperature*  d S^OSS.  Crystal  struo* 
Um:  type  C3X  [f-Zn{OH>i^  type]. 
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In  addition  to  the  stable  c -Zn(0H)a.  there  are  five  addlttooal 

crystalline  forms  of  the  compound,  which  are  unstable  and  convert 
spontaneously  to  ^-Zn(OH)a  * conTWl 


HEFEHENCE3: 

I,  K-  Scholder  and  G*  Hetidriciu  2*  anorg»  allg,  Chem,  2^,  76 

U,  H-  G*  Dietrich  and  J-  Johnston*  J*  Amer,  Cbem*  Soc*  49*  1419 
(1927)* 


Zinc  Sulftde 
Z»S 

ZnSOi  HiS  = ZnS  + HiSOt 
(7  H.0) 

287.6  22.4 1.  ^7.4  9S.1 

L Zinc  sulfide  Is  preferably  precipitated  Irom  a slightly  acidic 
buffered  aqueous  solution:  an  aqueous  solution  of  ZnSQ«  Is 

treated  with  ammonium  acetate;  it  Is  then  saturated  with 
with  heating  and  frequent  stirring  (optimum  pH  for  precipitation: 
2-3),  The  precipitate  is  allowed  to  settle  and  the  si^ernatant  Is 
decanted.  The  precipitate  is  shaken  with  S%  acetic  acid  saturated 
with  the  solid  is  allowed  to  settle  and  the  washing  is  repeated^ 
To  obtain  an  oxlde--free  producti  the  filtration  and  drying  should 
be  carried  out  in  the  absence  of  air* 

IL  Well-crystallized  ^incblende  is  obtained  from  pure,  dry  pre- 
cipitated zinc  sulfide  by  heating  the  sulfide  In  a stream  of  nltro^n 
for  eight  hours  at  600-650^0*  The  reactor  Is  a ceramic  tube* 
Pure  wurlzite  may  be  prepared  from  the  same  ZnS  precipi- 
tate by  heating  In  a stream  of  for  one  hour  at  1160 *C* 

PHOPERTIESi 


White  powder.  M.p.  ~ 1650*C  (appreciable  v^atillaa«on)j  (Jto- 
tllig  without  decon^osltion  at  high  vacuum  (5  • 10 
Solubility  (ie‘c>  0.688  mg.  (freshly  preclpita^)/100  mi. 
Soluble  In  dilute  mineral  acids.  Hardness  3.6-4  (Wb 
cations}.  The  low-temperature  modification  (sphalerite) 
lizes  In  the  cubic  B3  system  (sElncbiende),  the 
modification  (wurtzlte)  In  the  hexagon^  B4 
point:  about  900 '’C.  Grinding  at  room  temperature  conv^tta  the 

me  testable  wurtzite  to  zincblende* 


t«M 
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H,  pliU  knd  P.  W.  Schenk.  Angew.  Chem.  4S,  822  (1836). 


Zinc  Formafdehydeitjffoxylafe 


Zn(SO,  ■ CHjOH). 

2ZoSiOi  — 4CKiO  " 2HiO  = ZnfSOf  - GH-OHJ;  + ZntSOj  ■ CM-OH). 

SS7.0  120-1 

A 33%  solution  of  ZnSaO*  (1300  g.)  is  added  to  600  g.  of  a 30% 
formaldehyde  solution;  the  addition  is  accompanied  by  a tempera- 
ture rise  to  60“C.  The  liquid  is  stirred  and  the  temperature 
malnUined  at  60-65  for  some  time.  The  mixture  Is  filtered 
■art  set  aside  for  2-3  days.  The  clear  solution  Is  again  filtered 
and  concentrated  in  vacuum  while  SO  a la  aspirated  In  through  a 
capillary.  The  sine  formaldehydes ulfoocy late  is  the  first 
to  precipitate.  The  crystals  are  separated  from  the  mother  liquor 
ly  centrifugation  and  dried  tjy  heating  in  vacuum. 

The  trihydrate  Is  obtained  at  60  from  a solution  of  100  g. 
of  the  anhydrous  salt  in  100ml.  ofHaO.  the  tetrahydrate  by  allowing 
a solution  saturated  at  20  "C  to  stand  for  some  time. 

The  Z 03^04  solution  required  in  the  preparation  cannot  be 
prepared  according  to  the  directions  given  on  p.  394,  since  the 
latter  procedure  yields  aqueous  solutions  cont^ning  only  about 
10%  ZnSaQ4.  In  this  case  it  is  better  to  react  a mixture  of  the 
purest  possible  Zn  dust  (200  g.)  and  HgO  (400  ml.)  with  SOg,  which 
shoQlil  be  prewashed  with  an  alkaline  solution  of  KSgSgO*.  The 
reaction  proceeds  according  to: 

Zn  + 2 SO,  = ZnS,0* 

S5.4  12S.1 

and  is  carried  out  in  a wlde-neck  Erlenmeyer  flask  at  35-40 *C 
^tlrrin^.  Initially,  the  mixture  must  be  cooled;  later  it  should 
be  warmed.  After  several  hours  the  reaction  slurry  is  allowed 
to  settle  and  the  product  Is  filtered  through  a Buchner  funnel. 
The  oonc^^ation  of  the  viscous,  unstable  solution  is  determined 
^^tltratlon  with  a 0.01  M solution  of  Indigo  carmine  [1  mole  of 
led%s  ie  eipitvalent  to  1 mole  of  for  addHjQnni  analytical 

Panizson,  Melliaod  Textilber.  12,  119  (1931)]. 
toffbod  for  the  preparation  of  secondary  zinc  formaldehyde- 
deecrlbed  in  m.  Bazlen,  Ber.  Btsch.  chem,  Ges, 

B*-.*  - '“*5/  Jelllnek,  Das  Hydros alflt  (Hydroxy sul- 

Part  n,  Stuttgart,  I9i2, 
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3YTJ0NYM3: 

Primary  zinc  oxyinethaneatilfliiat&;  laono^tjoc 
sulfoxylate* 

A technical-grade  product  comalning  over  90%  of  the  ai%drow 
compound  Is  available  under  the  names  DekroUn  soluble  codc, 
(BASF),  water-soluble  Hydrosulflt  BZ  (Clba),  Sulfoxlte  S cona, 
(Du  Pont)^  etc. 

PHOPEHTIES] 

Colorless  crystal  needles.  The  anhydrous  salt  Is  stable  In 
air*  The  trihydrate  (flakes  with  a nacreot^s  Luster)  and  the  tetra- 
hydrate  (rhcmhohedral  leaflets)  are  more  labile*  Soluble  In  RaO. 
The  solution  acts  as  a bleaching  agent  and  Is  quite  reststant  to 
acids.  The  reducing  activity  increases  markedly  with  tempera- 
ture; the  rH  values  of  a formic  acid  solution  at  pH  3 are;  (26*C) 
1&;  (60  ^C)  2;  (90  ^C)  a maximum  of  0.5.  Decomposes  on  prolonged 
boiling.  The  warm  soluHon  turns  alkaline  Indanthrene  yeUow  G 
paper  blue  and  decolorizes  an  alcoholic  solution  of  neutral  redL 

REFERENCES; 

K.  Winnacker  and  £-  Weingaertner,  Chem*  Technologie,  VoL  3, 
p.  80,  Munich,  1950;  BIOS  Final  Report  No,  423*  Lond^,  I945t 
H.  von  Fehling,  Neues  Handworterb,  d-  Chemie  {NewRandbo^ 
of  ChemistryJ,  Vol,  X,  p.  291,  Braunschweig,  1930;  A,  SchAeffer^ 
Mellland  Textilber*  111  (1949), 


Ammonium  Zinc  Sgifate 


(NH|)=Zn(S04),-flH,0 


(NHOsSOj  + ZnSOi-YHtO  = (NH4)iZn(SOi)t  ■ 6 H.O  + Hip 
1^12. 1 2B7.0  ^01 .7  laX) 

A solution  of  45.2  g.  of  ZnS04  * 7RaO  and  20.8  g.  of  (NlU)aS^^ 
is  prepared  In  75  ml.  of  boiling  The  solution  is 

through  a Jacketed  ftinnel  heated  with  hot  water.  ThecTysf^ 
precipitating  from  the  filtrate  are  separated  from  the  mothef 
liquor  and  dried  In  vacuum  over  anhydrous  ammontum  zinc  sul- 
fate or  HgS04*  Yield  60  g* 

PROPERTIES; 

Water-clear,  efflorescent,  monoclinic  crystals,  SolublBty  of 
the  anhydrous  salt  (0*C)  7.3  g;;  (20 *C)  12*6  g.;  (B6 ^-C): 
per  100  mi-  H^O*  d 1.93.  ^ace  group  Cg  h* 


F,  wasemknkcht  and  r.  juza 

Zinc  Sel«ntd« 

ZnSe 

Tnt:n,  + HiSe  = ZtiSe  + H*S04 
13.4 1>  I'M.a  B8.1 

L A dilute  solution  of  2nS04.  Iitiffered  with  ammonium  acetate, 
te  added  dropwise  to  a saturated  aqueous  solution  of  H^Se,  while  a 
stream  of  HaSe  (from  AlaSeg  and  dilute  HCl),  dilated  with  oxygen- 
free  Ns  or  Hg,  is  passed  throu^  the  liquid.  The  precipitation 
■vessel  is  heated  on  a steam  bath.  The  excess  KgSe  bubbling  out 
of  the  solution  is  absorbed  In  a wash  bottle  filled  with  cone, 
nitric  acid.  If  the  Zn  salt  solution  is  introduced  too  rapidly  or  in 
too  a concentration,  a white  precipitate  is  formed;  it  requires 
j Itmg  time  to  convert  to  the  yellow  ZnSe.  Since  the  yellow 
Zi:Ge  precipitate  Is  difficult  to  filter,  it  is  centrifuged  and  then 
(by  centrifi^atioa)  first  with  bailed,  weakly  ammoniacal 
HgO  and  then  -with  methanol.  It  is  dried  in  a vacuum  desiccator 
over  CaClg,  then  at  120*C  in  a drying  pistol  over  PaOg. 

When  moist,  zinc  selenide  is  very  sensitive  to  air.  Therefore, 
to  remove  oxidation  products  the  dry  product  is  placed  in  a tube 
and  heated  for  2-4  hours  at  600*C  in  a stream  of  Hg  or  HgSe.  A 
boat  containing  a small  amount  of  Se  is  placed  ahead  of  the  pro- 
duct. The  heating  is  continued  until  all  the  Se  in  the  boat  evapor- 
ates. The  cubic  modification  is  thus  obtained. 

The  hexagonal  modification  is  oUained  by  treating  ZnCla  vapor 
with 

E,  Zn6e  may  be  prepared  by  a dry  method  from  a mixture  of  4 g. 
of  ZnO,  2.5  g.  of  ZnS,  and  6 g.  of  Se  according  to; 


2ZnO  4-  ZnS  + 3Se  = 3ZnSe  + SO- 
IflJ-7  av.-l  236, S 433.0  34.1 

The  mixture  is  heated  fbr  15  minxdes  at  800 “C  in  a covered  quartz 

Crucible. 

It  is  also  possible  to  start  from  6 g.  of  ZnS  and  6.5  g.  of 
HaSeOs.  and  then  proceed  as  above.  The  reaction  is  formulated 

as: 

ZnS  + SeO,  = ZnSe  + SO. 

JII-O  144.3  64.1 


pwarma: 


LeoM^yellow  powder.  Soluble  in  faming  hydrochloric  acid 
BsiSe.  d (pycn.)  5.30.  Crystal  structure:  type  B3 
^Tpe)  or  B4  (wurtzlte  type). 
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REFERENCES^ 

L Juza,  A-  Rabeimu  and  G*  Pasclier*  Z*  anorg*  aUg^  CheiJU 
S85>  61  {1956^;  Fonzes-DiacoTu  Comptes  Bendus  Hetd«  S4ancM 
Acad*  Scl.  130,  B32  (1900)* 

II*  A*  Schleede  and  J*  Glass  ner.  German  Patent  699,320  <1938)* 
issued  to  Telefunken  Co* 


Zinc  Amide 
Zn(NH,), 

Zn(CjHi),  + 2NHj  = Zn(NH,),  -r  2CjH, 

II23.5  34.1  97,4  60,1 

The  preparation  Is  carried  out  in  the  apparatus  of  Fig*  281*  Di- 
ethylzinc  is  introduced  into  the  storage  vessel  throu^  the  side 
tube,  a blanket  of  CO^  being  provided;  the  side  tube  Is  then 
sealed*  For  each  run,  about  3 g,  of  Zn(C3Hs)a  is  vacuum-distilled 
from  ft  to  i?.  The  apparatus  is  then  filled  through  stopcock  c vdth 
very  pure  Na*  The  tube  connecting  the  two  vessels  is  broken  at 
dt  and  50  ml*  of  absolute  ether,  carefully  dried  with  Na  wlrej  is 
added  through  e.  During  these  manipulations,  the  system  Is  Quebed 
with  a faat  stream  of  Ng,  which  is  introduced  at  c and  leaves  the 
apparatus  through  a CaClg  tube  attached  at  The  Zn<NHg)3  is 
precipitated  from  the  ether  solution  by  a stream  of  carefully 
purified  NK^*  Simultaneously,  the  ether  in  b is  evaporated,  an 
operation  which  requires  about  two  hours*  The  product  is  com- 
minuted by  shaking  {glass  slug  / is  already  present  In  b).  Am- 
monia  la  then  passed  over  the  product  for  five  hours  at  160*C  and 
for  12  hours  at  room  temperature* 


Fig*  2B1*  Preparation  of  sine  amide* 
ft  storage  vessel  for  dlethyla;lnc:  / ^aas 
slug. 


w.  WAftKMKNCCHT  ANO  R.  JUZA 


Colttrte3t  ^tmftrphouB : decomposes  slowly  in  air,  d 2,13* 
IL  JttUi  K-  Fasold  and  W,  Kuhiu  Z,  ajiorg*  allg*  Chem*  234,  B6 


Zinc  Nitride 

ZitiNt 

3Zn  + 2NH,  - Zn^N,  + SH, 

iSfl-l  34.1  2S4.a  6.1 

A porceiain  l»at  containing--?  g,  of  salnc  dust  is  placed  in  a 
Vycor  tube*  The  material  is  heated  in  a rapid  stream  of  NHg  far 
17  bows  at  600X,  for  eight  hours  at  660*C*  and  finally  for  16 
hours  at  600*C*  In  the  process,  about  3 g*  of  Zn  Is  lost  by  dls* 
tUlailoiLp  The  remainder  Is  converted  to  Zn^Na*  This  procedure 
assumes  that  the  £lnc  does  not  fuse  into  a solid  mass,  even  though 
it  requires  temperatures  above  the  melting  point  for  complete 
coDverslon  to  the  nitride* 

PBOPERTIES: 

Graj-talack;  quite  stable  in  air,  d (x-ray)  6*40.  Crystal  struc- 
ture: type  DSa  (MttaO^  tjpe)* 

KEVEBENCE: 

i-  Jiiaa,  A Neuber  and  B*  Hahn.  Z*  anor&  allg*  Chem,  233,  273 
(1938)* 


Zinc  Phosphides 


ZntFt^  ZdFj 


3Zii  + 2P  = ZdJP,  Zn  + 2P  ~ ZnP* 

IW.l  258.1  eg.4  gjjjp 

^ weotltlee  of  £inc  and  a very  slight  excess  of  red 

^**^l*^y  (total  about  12  g,)  are  slowly  heated  to  700*C  In  an 
MMMtM  tube,  about  12  cm*  long  and  10-12  mm*  I*D-* 
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placed  In  an  electric  furnace.  One  end  of  the  tube  ia  ■■ 

project  from  the  furnace  to  condense  the  volatilised  phosplkfinii^y. 
which  when  liquid  reacts  very  rapidly  with  the  zinc.  The 
is  then  heated  to  850 sublimed  to  the  other  end  of  the  tfibhr 
which  Is  maintained  at  7€0*C.  and  kept  at  this  temperature  to 
about  one  day.  A dense,  homogeneous  suhUmate  is  ohtttbtedL' 

IL  A mixture  of  Zn^Pg  and  ZnP^  la  obtained  l>y  paselngpbospborus 
vapor  over  hot  zinc  (the  procedure  Is  oiAllned  In  the  case  odf 
Zn^Asa , method  I;  see  p.  1883). 

PROhlERTIES: 

ZnsPa:  Gray,  d (x~ray)  4,54,  Evolves  PHa  with  adds.  Crystal 
structure:  tetragonal,  type  D5g  (ZUgPg  type). 

ZnPai  Orange  to  red  needles,  d (x-ray)  3.51.  Sublimes  with- 
out decomposition  in  an  atmosphere  contaj^lng  phoaphoTus  vapor; 
Insoluble  in  nonoxldlzlng  acids.  Crystal  structure:  tetragonal; 
space  grov^  or  dS  . 

HEFERENCES; 

I.  R.  Juza  and  K.  Bar.  Z.  anorg.  allg.  Chem.  230  (1050)^ 
11.  M.  von  Stackelberg  and  R,  Paulus.  Z.  phys.  Chem,  (B)  £§« 
427  (1935), 


Zinc  Phosphate 
Zni(POi),-4H*0 


3ZnSO,-7HiO  + 2 Na,HPO,  ’ 2 H,0 
saz.7  3S6.0 


= Zti*(P04),‘4Ht0  + 2T5a*SO,  + HiSO,  + 21HiO 
458^  384-1 


A solution  of  5.e  g,  of  ZnSO^-THsO  Ih  400  ml.  of  Ba^ 
at  XhB  boUliiR  point  with  a solution  of  Za5  g*  of  Na^HPO^* 

In  100  ml*  of  HbO.  The  crystalline  precipitate  which  ^ 

mediately  Is  analytically  pure,  . ^ i'it 


II. 


3ZnO  + 
244.1 


2HjPO^  + BiO  = Z«,(FOt)(*4H*Q 


A 69%  solution  of  H,P04  (d  1.S2,  SO  ^ 
boiling  point  (121-C)  with  ZtiQ  (about  ^^2.  g^),  toJdng 
plenlsh  the  evaporated  water;  soluMon  ld  tondoolS^^^'i^iBS^’^ 


IP*  W^tHKHECHT  AND  ^OZA 

mad  filially  pUced  In  Ice.  Ten  parts  (t^y  volume)  of 
ts  added  with  vigorous  stirring  and  the  solution  Is 
filtered  Wo  a porcelain  dish.  In  which  it  Is  heated  (with  stirring) 
«rr«loam  ba^  The  transparent  lamellae  of  the  tetrahydrate 
nroofiiltate  after  a short  time;  they  are  suction-filtered,  washed 
wdlfi  tooUing  wateTt  and  dried  on  a clay  plate.  Yield  16  g. 


r*(»KHTIES! 

Colorle&s  ciystals,  needle-shaped  and  tabular*  Solubility  In 
Hrf)  decreases  wltb  Increasing  temperature j can  be  recry stal^ 
Used  only  £com  solutions  containing  phosphoric  acid.  Soluble  In 
dilute  acids  and  dilute  ammorda.  Loses  two  moles  of  H^O  at  X00*C> 
t third  mole  at  190*C;  the  anhydrous  salt  Is  obtained  at  about 
d 3*109.  Hardness  2-3,  Crystal  structures  orthorhombic* 


SYWOKYW^ 

Zinc  orthophoaphate. 

BEFEaENCES: 

L H-  Thllo  and  J*  Schulz,  2*  anorg-  flllg*  Chem,  2^,  201  (1951)* 
IL  N*  E.  Eberlyi  C*  V*  Gross  and  W,  S,  Crowell-  J,  Amer-  Chem* 
Soc,  1432  <1920)* 


Zinc  Hydfoxyphosphote 
Zrti(OH)PO| 

Zn,{PO|),  + ZnO  -H  HtO  = 2Znj(OH)POi 
4H,0 

458-3  8L4  ig.O  4fl5.5 

An  InUmate  mbcture  of  1,146  g*  (0.0026  mole)  of  Zna(P04)a  * 
4H^  (cf*  p*  1081)  and  1,63  g.  (0*02  mole)  of  ZnO  is  placed  In  a 
pnroelaln  crucible  and  covered  with  water;  the  crucible  Is  half 
Mlat  this  point*  The  crucible  is  heated  in  an  autoclave  for  seven 
httiTfi  at  190  “C  and  12  atm.  The  product  is  digested  with  8%  meth- 
aoollc  acetic  add  on  a fritted  glass  filter  and  la  then  washed  until 

filiate  is  free  of  Zn.  After  drying  at  lOO^C,  the  product  is 
AB^iyUcally  pure, 

PflOpeBTIES: 

^^WWMMiSs.  wd^il  342,75*  The  colorless  crystals  are  Identical 
tarbutlte*  The  water  of  hydration  is  given  off 
mom  mm*C^  Cryetal  structure;  trioUnic* 


20.  ZIMC,  CADMIUM,  MERCURY 


IMS 


REFEHENCE: 

E.  Thllo  and  1.  Schulz,  Z.  aitorg.  allg.  Chem.  26^,  201  (1961). 


Zinc  Arsenides 

3Zn  + 2 As  = ZnjAs*  Zn  -!-  3As  = ZnAst 

190.L  149,8  340,0  05.4  149,8  SlS,2 

I*  A Vycor  tube  coutaiijlag  a porcelain  boat  with  pur©  iJluc  to 
heated  to  700  “C  In  an  electrical  furnace;  the  atmosphere  in  the  tube 
consists  of  dry*  pure  Ng  or  Haa  The  As,  In  a second  poxoelftin 
boat,  to  placed  at  the  end  of  the  tube  wMch  pro jects  out  of  the 
furnace  and  la  heated  with  a gas  flame.  The  As  vapor  thxis  pro* 
duced  is  carried  over  the  metal  by  the  stream  of  or  Since 
the  metal  has  already  an  appreciable  vapor  pressure  atT00*Ci 
crystals  of  Zn^As^  form  on  the  boat  rim  and  on  the  tube  wall* 
while  the  unevaporated  metal  in  the  boat  is  converted  to  a gray- 
black  mass  of  arsenide, 

U.  Heating  stoichiometric  quantities  of  Zrt  and  As  In  an  evacu- 
ated, sealed  Vycor  bomb  at  7B0*C  yields  The  same  con- 

ditions will  produce  ZnAsg,  provided  an  excess  of  Aa  Is  used* 
since  the  vapor  pressure  of  As  In  ZnAs^t  which  results  In  de- 
composition of  the  latter,  Is  quite  high  at  the  above  tempera- 
ture- 


PflOPEHTIESt 

Zn^As^^  Gray-  Gives  off  AsHa  with  acids*  M>p*  1016 *Cj  d 
(x-ray)  5^.62,  Sublimes  at  the  m.p*  to  give  needles  or  lamellae- 
Possesses  metal’" type  conductivity.  Hardness  3,  Crystal  struc- 
ture: type  D6g  (Zn^Pa  type)* 

ZnAsa:  Gray  black-  Orthorhombic  crystals,  M*p,  Sub-* 

limes  at  the  m-p*  Hardness  3.  d (x**ray)  5*08* 


REFERENCES: 

M*  von  Stackelberg  and  R-  Paulus,  Z*  pbys*  Chem-  (B)  427 

(193S);  W*  ReiJee*  Z-  aaorg*  allg-  Chem,  118,  264(1921)* 

n;  \ 

Zinc  Thioantimofiote  , 


Zii4(Sb8«)i 


3ZnCl,  + ENflflSbS^'OKiO 


Zfij(8bS^)t  + ONaCl  4-  IBH^P 
006^1  3S0.T 


A solution  of  26  g« 
HgO  Is  treated  with  a 


of  SchiJpp^s  salt  (seep*  619)  in  75 
solution  of  10.6  g.  of  ZnCla  (or  22.6 


r*  wagshkimccht  ano  h,  juza 


a>sn.  . THJOl  10  60  m3,  of  H#0.  The  chrome  yellow  precipitate 
?^2lh»d**^voral  times  by  centrifugation  with  hot  water-  It  Is 

100-C!  the  orange  product  la  ground,  it 
a^t  e%  free  S.  which  is  extracted  in  a Soxhlet  apparatus 

wtIkCS*. 

PK»PERT!ES: 

Orange  powder.  Decomposed  by  HCI-  Discolors  at  160*C! 
loses  S at  200*C,  forming  SbsSg-  The  corresponding  Cd  salt  is 
ozmoge-red,  the  mercury  (iq  salt  ocher  yellow,  d (pycn.)  3.7S. 


BEFtRESCE; 

F.  Kirchhof,  Z.  anorg.  allg.  Chem-  112,  67  (1920). 


Die  ihytainc 


Zn{C,H,): 


Za  + C;HJ  = C,H,ZnI  2C.HiZnl  = Z«(C.Hs)s  + Znis 

65.-I  153.0  221.^  ^42.7  i£S5  ai9.a 

L Tbfi  SOO-^mL  flask  a of  f'ig,  282  is  charged  with  200  g*  of 
dry  C^HsI  (prepared  by  heating  C3H5I  with  !Ma  chips ^ and  si- 
phoning off  and  distilling  the  liquid)  and  20Q  g«  of  zinc  dust, 
previously  cleaned  with  acid  and  drjed  at  160-180“C  in  a 

stream  of  dO^*  Dry  zinc  turn- 
ings are  then  added  until  the 
pile  of  metal  projects  above 
the  surface  of  the  liquid*  A 
stream  of  dry,  air-free  COs 
or  Nb  is  introduced  through  b, 
esqjeliing  the  air  in  the  sys- 
tem* When  the  apparatus  is 
filled  with  inert  gas,  the  tip 
of  tube  c is  dipped  slightly  In- 
to the  mercury  in  cylinder  d 
and  capillary  b Is  rapidly 
fl.ame*sealed.  The  flask  is 
then  heated  in  an  80®C  water 
. ■ bath.  The  temperature  of  the 

nn  f«  gradually  raised  to  96*C,  while  the  tip  of  c is  lowered  Into 
^ unUl  it  reaches  about  20  cm.  below  the  level  of  the 

® aU  Mceseary  precautions  to  exclude  moisture  have 
ton  taken,  reaction  starts  after  about  i-l*5  hours  of  refluxing. 


Pig*  282-  Preparation  of  dielhyl- 
sIim:*  d mercury  seal;  e ampoule 
for  product  storage. 


20,  ZINC,  CADMIUM,  MERCUHY 


fOVS 


The  reaction  la  complete  atter  an  additional  1.5-2  hours,  ivlieii  no 
further  droplets  of  CgHgl  condense  in  the  flask  <soUd  CaH«!Sid)< 
The  sealed  capillary  b is  cut  open,  d is  removed  and  replaced  liy 
vessel  and  a slow  stream  of  the  inert  gas  Is  passed  throu^i 
the  system.  The  flask  la  then  tilted  so  that  the  condenser  points 
downward,  and  the  Zn(CgHB)3  is  distiUed  on  an  oil  bath  (about 
200*C)  into  e,  which  is  then  sealed  in  the  usual  way,  Yldd  about 


U.  In  Dennises  procedure,  the  starting  material  Is  a zinc-copper 
compound  prepared  by  reducing  a mixture  of  200  g.  of  Zn  dust 
and  25  g.  of  finely  powdered  CuO  lor  20  minutea  at  400*C  In  a 
stream  of  Hat  the  product  must  he  used  immediately.  Sufficient 
contact  area  between  the  metal  and  the  CaH^I  Is  achieved  by 
mixing  the  finely  ground  metal  with  an  equal  amount  of  dry  sand, 

m.  Larger  quantities  of  Zn(CsHe)n  may  be  prepared  starting  from 
a zinc  alloy  containing  5-8%  Cu,  which  is  prepared  by  fusing  Zn 
with  brass,  casting  into  rods  and  cutting  into  chips.  When  this 
alloy  is  used,  one  half  the  necessary  quantity  of  the  quite  expen- 
sive C^SeI  replaced  by  CaH^Br.  The  reaction  is  then- 

less  vigorous. 

The  product  Zn^CaHg)^  Is  freed  of  ethane  and  CbHeI  hy  low- 
pressure  fractional  distillation.  It  is  stored  in  sealed  ampoules 
or  in  a flask  provided  with  a well-greased  stopcock. 

The  same  procedure  may  be  used  for  the  preparation  of; 
dl-n-propyUinc,  b,p.  (8  mm.)  40*C;  di-n-butylzinc,  b.p.  (9  mm.), 
81"C;  and  diisopentylzlno,  ta.p.  (12  jam.)  100-103  ®C. 

PROPEaTIES: 

Colorless  liquid.  M.p,  — 30*C,  b.p.  (760  mm.)  117.6“C,  (30  mm.) 
27'»C,  (4  mm.)  O'-Cs  d (20®C)  1.207,  (8*'C)  1,245.  Resistant  to  COa; 
ignites  in  air.  Itecomposes  extremely  violently  In  H^,  forming 
Zn(OH)g  and  CgHa.  Soluble  in  ether. 

REFERENCESt 

L E*  Krause  and  yon  Grosse*  Cbemie  do  metallorgaii*  Ver-^- 
Mndungftn  [Chemistry  <rf  Organomfit&llic  Compounds} ^ Serlinv 
1937  fprsparatiye  directioiis  cited  from  Stmonorloh*  Zh- 
Russ*  pii&i-Khim*  Obsch.  38  (1S99)3-  ^ 

E*  L*  M*  DemiiSa  S*  anorg*  ailg,  Cbeim*  174,  133  (1928)* 
m.  Organic  Syntheses,  CoU*  VoL  2,  New  York  and  London 
1943/50,  p,  1B4;  H*  Grubitsch-  Anorgaiu-prapz  Chemie  {Pre- 
parative Inorganic  Chemistry],  Springer,  Vienna,  1950,  P- 
A,  Laubengayer  and  R*  H*  Flecksnsteln,  Z*  aEforge 
Cham.  Wl,  283  (1930)* 


F, 


WAttCNKN^WT  AND  R,  JUZA 


Zint  Carbonate 


3&iC0i 


+ 4 ICHCO^  — ZnCOj  + KiSO^  + K|COj  + ^ COt  + £ HfO 
«».s  1S5.4  174JJ  laaa 


Neutrai  ZnCOa  Is  obtained  wben  nine  carbonate,  precipitated 
«t  as  low  a temperature  as  possible,  la  allowed  to  age  for  a long 
*t  low,  gradually  Increasing  temperature  In  a COg-free 
Ktioospbore* 

A IN  KHCOa  solotioo  (300  mU) . cooled  to  3 X and  saturated  with 
CO^  is  added  with  stirring  to  700  ml.  of  a 0*1M  ZnSOi  solution 
at  the  same  temperature^  The  temperature  Is  maintained  below 
10*C  during  the  first  3-4  days;  It  is  then  raised  to  SOX  and  main- 
tained there  for  an  additional  2-3  days  until  the  initial  flal^y 
precipitate  has  been  transformed  Into  a finely  crystalline  deposit* 
The  product  is  washed  several  times  by  decantation  with  water, 
takipg  care  to  remove  the  fiocculent  material  floating  in  the 
si^Fiutant  liquor,  and  washed  &ee  of  sulfate  on  a filter*  It  Is 
dried  In  a desiccator  at  room  temperature,  or  by  heating  at  130 
The  3c-ray  powder  pattern  of  the  product  heated  at  130  cor- 
responds to  that  of  natural  smlthsonite  (^nCO^J,  but  contains 
seven  additional  lines « The  yield  is  satisfactory* 


IL  ZnCl,  + 4KHCOi  + xCOt 

laaa  4oo.s 

= ZnCOj  + 2KC1  + KtCOi  + {x  + 2)CO.  + 2H.O 

1S5.4  149.1  13S.S 


Pr^aratlon  iy  rapid  aging  at  moderate  temperature  under 
COa  presstire:  10  ml*  of  a conc+  solution  of  ZnCla  Is  frozen 
with  Dry  Ice  in  a freezing  tube*  A fourfold  excess  of  solid 
KHCOa  10  ml*  of  KgO  are  added#  A few  pieces  of  Dry  Ice 
are  added  on  top  and  the  tube  is  melt-sealed  while  still  cold.  It  Is 
at  room  temperature  until  the  contents  melt*  The  tube  Is 
then  held  at  130*C  for  two  hours. 

Departures  from  the  above  two  procedures  result  in  basic 

products. 


PAOPERnES; 


Couiverts  to  the  basic  salt  on  boiling  with  water, 
dmnx^itloa  begins  at  140*C;  at  296-5’C  the  pressure 
m a>a  te  700  mm.  Solubility  6,7  ■ 10  “«  g./100  mi.  Readily 


20*  ZINC*  CADMIUM*  MERCURY 


soluble  In  aclds^  d (pycn*)  4*4;  d (x-ray)  4,51.  Hardiidfi0  5.fQflftv)rd 
zlDcspar),  Crystal  structure:  rhombohedralt  typa  Q^\  (CfllCIto 
type)*  ^ : 

REFEKENCE: 

G,  F,  ritlttig.  A*  Zomer  ajid  O.  Hnevkovsky.  Moaatsh*  Cbem.  Yg, 
31  (1939), 


Zinc  Acetate 
ZD(CH,COO)t 

ZD(N0i)t'6H*0  + (CHjCO)iO  = Za(CHiCOO),  + 2HN0*  + SHW) 

397,5  103-1  183.5  1^,0  e<U 

A mixture  of  10*2  g+  of  Zn(NOa)a  * 6K3O  and  40  ml,  of  acetic 
anhydride  is  heated*  When  the  vigorous  reaction  ceases > the  mix- 
ture Is  stored  In  the  cold  for  some  time;  the  crystal  slurry  Is 
then  suction-filtered,  washed  with  some  acetic  ahhjwirlde  and  ether, 
and  dried  In  vacuum  over  KOK  and  HaSO^  Yield  95%, 

PROPERTIES: 

Colorless,  hexagonal,  prismatic  crystals,  M,p,  242 'C,  Sublimes 
in  vacuum  without  decomposition  at  lower  temperatures  j decom- 
poses at  temperatures  higher  than  the  m,p*  d 1,B4,  ^artng^ 
soluble  in  cold  water,  dissolves  slowly  in  warm  water.  The  di- 
hydrate crystallines  from  dilute  acetic  acid,  the  monohydrate 
from  water  and  absolute  alcohol* 


REFERENCE: 

E,  Spath.  Monatsh.  Chem,  §3,  240  (1912), 


Zinc  Cyanide 


Zd(CN)i 

ZnSO^  4-  2KCN  “ Zn(CN)j  -I*  KtSO^ 

(7H,0) 

287.# 


130,2  117-4  1743  ' ' 

A solution  of  10  g*  of  ZoSO*  • 7H,0  in  100 
fconatRnt  stiTrlnCl  with  tt  KCN  flOlutlOii  until  no  foxther 
S 5 ^ of  KCN  in  BO  ml.  Of  H^O  te 


W*®B*KH*CHT  Attn  ». 

a«tU«8  well  on  piTOlonged  boiling,  la  washed 
hot  HbO  and  dried  either  with  alcohol  and  ether 
Yield  about  4 g. 

» Za(CHtCOO)»  + 2HCN  = Zn(CN),  + 2CHjOOOH 

jS3,S 

The  ZalCNl.  is  precipitated  with  hydrocyanic  acid  ^om  a aolu- 
thn  of  ZopH)a  in  CHaCOOH.  After  washing,  the  product  Is  dried 


PBOreHTIES: 

White,  amorphous  powder  or  shiny,  rhombic  prisms.  Insoluble 
hi  HaO  and  alcohol.  Soluble  in  alkali  cyanides  and  aqueous  ammonlaj 
in  dUute  acids  (evolution  ofHCN).  Decomposes  atSOO^Ct 
d 1,8$2,  Crystal  structure:  type  C3  (CUgP  type). 

RXFCRSNCES: 

L tniTT*"",  Enjyklopadie  d.  techn.  Chem-  [Encyclopedia  of  Ind, 

Chem.),  2nd  ed.,  10,  718;  Loebe.  Thesis,  Berlin,  1902, 
fl.  W,  BUts.  Z.  anorg.  allg.  Chem.  161  (1928). 


Potassium  Tetrocyoncxiftcata 
KiZa(GN), 

L Zn(CN),  + 2XCN  = K,Zn(CN), 

117.1  130,2  247.7 

Zinc  cyanide  is  dissolved  in  the  equivalent  amount  ofKCN 
solatlon.  About  10  min.  is  required  at  room  temperature;  the 
process  may  be  accelerated  by  heating.  The  salt  precipitates 
inutile  solution  on  concentrating, 

B.  ZoO  + + 4HCN  = K,Zn(CN}<  + CO,  + 2H,0 

Sl-4  im  11SS.I  247,7  44,0 

<adde  Is  suspended  in  an  aqueous  solution  of  the  equivalent 
ipin^ltj  erf  KgCOa  and  treated  for  several  days  with  gaseous  HCH 
’■411  completely  dissolved.  Small  crystals  of  the  salt  complex 
fnaelpttale  fifom  the  concentrated  filtrate.  They  are  dried  at 


zlno  f^eiilde,  ztno  potassium  cyanide. 


ZlNCf  CADMtUM,  MCHCUILY 


PROPERTIES; 

Transparent  octahedra,  M,p.  &38*C3  d 1,647,  Solubility  <20^0 
11  g,/lM  ml,  Ha(0,  1 gVaiO  g.  Of  BB%  v^v.  alcohoU  RewUfy 
soluble  In  liquid  NH^*  Crystal  structure:  typo  Bl  (spinel)* 

REFERENCES: 

L F,  ^itzer,  Z.  Elektrocbem*  H,  347  (1905), 

II*  W,  Bilti*  Z,  anorg.  allg,  Chom.  170,  161  (1928)* 


Zinc  Silicate 


Zi^SiO^ 

2ZnO  + SiOt  = ZrtfSiO^ 

162-8  60.1  S^E 

L Two  moles  of  ZnO  and  one  mole  of  SIO^  are  Intimately  mixed* 
The  reaction  Is  facilitated  by  using  finely  divided  starting  mater- 
ials and  compressing  the  mixed  powder  Into  6-g*  tablets.  The 
mixture  Is  placed  in  a platinum  boat  Inside  a ceramic  proteotlTe 
tube  and  heated  above  the  melting  x>olnt  of  ZOaSlO*  (>  1512*C)  in  a 
Tammann  furnace*  The  protective  tube  is  closed  at  one  end,  which 
helps  to  exclude  the  reducing  furnace  gases  to  some  extent*  The 
reaction  may  be  observed  through  a port  made  of  cobalt  glass. 
The  melting  point  is  reached  when  the  upright  raw  material  tablet 
collapses.  To  prevent  evaporation  of  the  ZnO^  the  heating  must  be 
rapid, 

H*  Tablets  made  of  a mixture  of  two  moles  of  Zno  and  one  mole 
of  amorphous  SiOg  are  heated  for  four  days  between  900  and 
1000*C*  The  x-ray  powder  pattern  of  the  resultant  product  indi- 
cates a homogeneous  material, 

HL  Pne\imatoiytlc-hydr other mal  synthesis  from  ZnO  and  ZIO3  in 
an  autoclave  at  365 *C- 


SYNONYMj 

Zinc  orthosilicate* 
PROPERTIES  E 


Colorless.  Soluble  in  20%  HF,  decomposed  by  Ha.  M.p. 
1512 d 4.103.  Hardness  6-S;  crystal  structure;  type  3ia 
(BeaSi04  type).  At  1432 *C.  forms’  a eutectic  oontaininKone  mo)&. 

SiO  3.  Phosphoresces  on  activation  with  mangan^e.  . 
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imuwiiC'BSi 

L.  V uict  A,  liMftlce,  2-  anorg.  aJlg.  Chem.  2^,  330  (1032^, 
& A.  Pihst>  Z.  pliiys.  Chem*  (A)  142,  227  (1329). 
m.  C.  J.  T»a  N)*uwenl]iurg  and  H.  B,  BJumendahl,  Ree.  Trav, 
CUnk,  Piys-Bas  gfl,  129  (1931). 


Ztn<  Fluorosilicpta 
2nSiF**6H,0 

ZnO  + H^iF.  + SH.O  = 2iiSiF,-6H.O 
51.4  )«.l  9C.1  3IS-S 

S<Kn«what  less  than  the  stoichiometric  quantity  of  ZnO  Is  dts- 
sdtved  in  aqueous  HaSlFg.  Complete  saturation  is  avoided  because 
it  firoduces  hydrolysis  with  formation  of  colloidal  silicic  acid, 
Tte  mixture  Is  evaporated  on  a steam  bath  In  a platinum  or  lead 
jtigh  until  a film  forms  on  the  surface;  the  film  is  redlssolved 
with  some  water  and  the  product  is  allowed  to  crystallize  over 
H^04  in  a desiccator. 


Zinc  fluosiltcate. 

^ROPfllTIES; 

Colorless,  rhombohedral  prisms,  stable  in  air.  Solubility  (0°C) 
50.3  g.  of  the  anhydrous  salt,  (10 “C)  52.8  g./lOO  ml.  of  saturated 
solntioft.  A saturated  solution  at  20 *C  has  d--1.4-  d (pycn.)  2.I3S, 
d (a-ray)  2.15,  Crystal  structure;  trigonal. 

aCFCREtlCSS: 

W,  StoTtenbeclEer.  Z,  phys.  Chem.  (A)  621  (1909);  O.  Ruff, 

C,  Friedrich  and  E,  Aacher.  Angew.  Chem.  iB,  1081  (1930), 


Zinc  Ferrate  (lit) 

ZnFciO, 

1 ZnO  + Fe,0,  = ZnFe,Oi 

«L4  tea?  24i,t 

precollated  from  ZnClg  solution  and  dried  la 
w«iw  over  fo  mixed  with  oj-  or  y-PeOOH  in  a ratio  of 
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tm 

IZaOilFcaOa,  taking'  into  account  the  water  ccuttotit*  Tbeittt4tUV0 
Is  then  screened  and  weighed  out.  The  powder  Is  mtiwrf  jpj  fotnt 
hours  in  a Pyrex  bottle  on  a sLechanloal  shaher.  FoUowlitt  ttU0> 
4-g.  portions  of  the  mixture  are  placed  in  an  open  platinum  crudblej 
which  is  then  set  In  an  electric  furnace.  The  reactlosi  nuty  he 
carried  out  either  at  800*c  in  a stream  of  dry  air  or  at  1000*C 
in  the  absence  of  such  an  air  flow.  Jn  either  case,  one  hmtT  in 
required  fer  the  reaction. 

When  ZnO  {prepared  by  heating  ZnCOg  for  two  hours  at  1000*Q 
and  FCsOs  are  used  Instead  of  the  above<*speclfled  raw  materlelSj 
the  mixture  must  be  calcined  for  six  hours  at  800  “C  to  obtain  a 
ZnFe^*  with  a pure  spinel  lattice. 

a.  ZnCii  + SNaOH  = Na[Zn(OH),l  + 2NaCl 

tge.3  120,0  109,4  lias 

Na[Zn(OH)il  + 2FeCi,  + SNaOH  ■=  ZnFe.O*  + 6NaCi  + 4H,0 

(s  H,0) 

ias,4  540.6  a»,0  241,1  SSaT 

A solution  of  2,4  moles  of  HaOH  In  300  ml.  of  Is  allowed  to 
react  with  a solution  of  0.15  mole  of  ZnClg  In  100  ml.  of  HgO,  The 
resultant  NafZnfOHIa]  solution  is  treated  with  a solution  of  0.3 
mole  of  Feds  • 6 and  1.2  moles  of  HCl  In  5000  ml.  of  HgO 
(vigorous  stirring)  and,  after  stirring  two  hours,  heated  for 
0.5  hour  at  60 *C.  The  mixture  is  allowed  to  settle  and  Is  then 
allowed  to  react  with  2N  NaOH  to  a permanent  red  pheno^thal- 
ein  color.  The  product  Is  washed  by  repeated  decantation  with 
2500-ml.  portions  of  HjO  until  the  supernatant  Is  free  of  Cl~ 
(about  15  washings  are  required),  filtered  through  a sintered 
glass  filter,  washed  until  the  solid  is  free  of  Cl~,  and  dried  in  a 
vacuum  desiccator  over  PgOs  and  solid  KOH.  The  product  then 
consists  of  almost  black,  highly  lustrous,  brittle  pieces.  These 
are  crushed,  sieved  through  a 0,lS-mm.  screen,  and  redile.d.  ip 
the  desiccator. 

After  annealing  for  one  hour  at  60 ^C,  two  spinel  interference^ 
are  barely  recognizable  in  the  x-ray  powder  pattern.  The  spinel 
pattern  becomes  fully  developed  after  heatihg  to  500^C. 

PROPERTIES;  ' 

Dry,  brown  ZnFeaO*  is  paramagnetic  when  prepared  hy  eObat 
the  dry  or  the  wet  method.  It  absorbs  more  than  its  equivalent  of 
FssOa  While  maintaining  Its  crysUl  lattice  and  becomes  ferro- 
magnetic The  magnetizablllty  of  these  products  Is  maxlmqih 
at  about  70  mole%  FesjOa.  d (x-ray)  5.395.  Crystal  atru«!&aoi^ 
type  Hli  (spinel  type)*  ' 
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WnM})CXS: 

IL  FMckA  Kttd  W*  EKfirr*  Z,  Elektrochem-  4S»  £54  (1939);  G*  F.  Hut- 
1^  BhTOTberg  and  H-  KltteL  Z-  anorg-  allg*  Cham-  22gj 

lU  tlMQ* 


ftinniann's  Groan 

A mixture  of  the  carbonates  or  oxalates  of  Zn  and  Co  with  an 
equal  amount  of  KCl  (e^g^t  15  6-  ZnCOai  3-5  g*  of  CoCO^^  and 
ia*5  g.  of  KCl)  is  healed  several  hours  at  high  temperature 
(>  1WW*C)  in  a Pt  crucible*  (The  KCl  serves  as  a flux  and  miner- 
altxw«>  The  material  should  then  be  cooled  under  a COg  blanket* 
The  reaction  is  brought  to  completion  by  repeating  the  procedure 
semrHl  times  followed  by  washing*  The  KCl  must  be  replenished 
between  heatings. 

At  bl^er  temperatures  and  on  vacuum  calcination  ^ the  color 
becomes  lighter;  it  is  malachite  green  in  the  presence  of  an  ex- 
cess of  Zn*  brownish  pink  with  an  excess  of  Cn*  Products  calcined 
below  lOOO^C  contain  green-black  ZnCnaO^- 

Rlnin&nn*£  green  consists  of  mixed  ZnO-CoO  crystals;  the 
grecut  Co-deficlent  products  (up  to  about  30%  Co)  consist  of  a 
solid  solution  of  CoO  in  ZuO  (wurtaite  lattice)*  The  pink,  Co-rich 
preparations  (above  70%  CoO)  are  solutions  of  ZnO  in  CoO  {NaCi 
lattice)-  The  Intermediate  region  la  heterogeneous  - 

s™oNT>is: 

Cobalt  green,  turquoise  green,  ciimabar  green- 

PbO^EBTtESi 

Soluble  In  weak  aclda  and  solutions  of  d ™ 6.5* 

■EFERENCES: 

J.  A.  H«draa  Z.  anorg,  allg.  chem.  86,  201  (1914):  C*  Natta  and 

h.  PaaaerlnL  Gazz.  Chim,  Ital.  630  (1929). 


Cadmtutn 

(needles} 

Cd 


CdSO*  = Cd  + H,SOt  + V.Ox 


(V.  H,0) 

SMS 


113.4 


e&i 


. yfaffixan  disk:  electrodes  (diameter  4.5  cm.)  are  placed 
■WTO  Iw  otber  (distance  of  about  B cm,}  in  a vertical  glass 
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tW 


cjriiTider  (LD.  7 cm,).  The  lower  electrode  servee  ae  tbe  cafhodr, 
the  upper  as  the  auode.  The  electrolyte  Is  a cono.  CdSOu  aoiution 
slightly  acidified  with  HaSO^-  TheCdlsdeposltedae  a flue  crystal'' 
line  powder  on  the  cathode  at  a current  density  of  0.1*0.3  ajnp*/cci** 
The  electrolysis  vessel  fills  quite  rapidly  with  the  sUvery 
crystal  powder*  From  time  to  time  the  Loose  powder  ie  com** 
pressed  with  a ^ass  rod  to  prevent  eatahliabment  of  a short 
circuit  with  the  anode* 

’When  the  Cd  in  the  electrolyte  is  depleted  to  such  an  ertent 
that  Ha  begins  to  evolve  at  the  cathode*  the  soLutton  muet  be 
replenished  with  CdSOi  to  avoid  formation  of  a spongy  deposit 
(the  latter  also  appears  at  excessive  current  densities)* 

The  compound  is  used  as  filler  In  the  Jones  reduct  or. 

PROPEHTIES: 

Silvery-white  crystal  powder.  M.p.  321  *C,  Kp*  766*Cj  d 8.642* 
Bulk  density  B0%.  Solubility  5.17  g./lOO  g.  Hg-  Soluble  In 

mineral  acids.  Hardness  2.  Electrochemical  equivalent  2*097  g,* 
(amp.-hr*)“^.  Crystal  structure:  type  A3  (Mg  type)* 

REFERENCES: 

F.  P*  TreadwelL  Helv-  Chim,  Acta  4,  551  (1921);  F*  P*  Treadwell* 
Lehrbuch  d.  analyt*  Chemie  tAnalyticai  Chemistry],  Vol*  2, 
’Vienna,  1949,  p.  542* 


Cgdmium  Chloride 

cda, 

Cd(NOi),  + 2HC1  = CdCl,  + 2HNO, 


H H,01 


72.9 


iaa.3 


Repeated  evaporation  with  very  pure  corCp  hydrochloric  acid 
converts  Cd(NOa)B  ‘ 4HaO  to  the  The  p^uot  Is 

cryatalllzed  twice.  Partial  dehydration  is  achieved  stoi^i^r 
a prolonged  time  in  a vacuum  desiccator  containing  ft»ed  K<^ 
(Which  18  frequently  replaced).  Final  dehydrates 
careful  heating  of  the  product  ^ 

in  the  same  stream,  and  finally  fusing  the  distlUate  under  puxe 
Na* 


■■ 


n. 


Cd  + 2Ha  - CdCU  + H* 

113.4  71.9  a.0 


The  re««en  beWee.  W HCl  rt  «»-C 
term.  The  oMoriae  Is  distliaed  ttPiloe  ieeetreem  ot  HGl  end  MW«« 

under  Na- 
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tt,  Q^CMjCOO),  + aCHtCOCl  CdCli  + 2(CHiOO)iO 
•aO^  1CT,I>  1S3-3  M4.2 

A solution  of  about  4 of  cadmium  acetate  <dry)  In 

S^jndmws  noetic  add  (or  a mixture  of  the  Latter  with  acetic  aij“ 
MrMM  la  treated  with  a slight  excess  of  acetyl  chlorine  or  with 
HCL  The  white  precipitate  which  appears  immediately 
off.  washed  once  or  twice  with  dry  benzene,  and 

dried  at  100-120*C.  ^ 

hromlde  may  be  prepared  by  the  same  procedure 

tMu  cadmium  acetate  and  acetyl  bromide  (or  HBr  gas). 

PROPERTIES; 

Colorless  rhombohedral  leaflets.  M.p.  568 ®C,  b.p.  967 “C. 
SoluUllty  (0*C)  90.1  g.  (2.5-hydrate),  (20 *C)  111.4  g.  (2. 5 -hydrate), 
(lOO'C)  150  g.  (l-hydrate)/100  ml.  KgO.  Crystallizes  as  the  mono- 
hydrate  above  34*C.  Solubility  (15.5 *’C)  1.7  g.  of  anhydrous  CdClg 
per  100  g,  of  ethanol  or  methanol,  d 4.047.  Crystal  structure:  type 
C 19  (CdCla  type).  Method  in  yields  a white,  microcrystalline 
powder  which  in  the  cold  tends  to  form  gelatinous  Inclusion  pro- 
ducts with  various  solvents  (e.g.>  benzene). 

REFERENCES; 

O.  Hoblgschmld  and  R.  Schlee.  Z.  anorg,  allg.  Chem.  227,  184 
(1936);  H,  D.  Hardt.  Private  communication j A,  R.  Pray, 
fiiorg,  Sytu  5.  (1957);  E,  R.  Epperson  et  ah  Ibid.  7, 

I«3  (1963). 


Cadmium  Hydroxychloride 
(M(OH)Ct 

Of  the  five  basic  cadmium  chlorides,  Cd(OH}Cl  has  the  highest 
chloride  Content;  it  Is  the  stable  end  product  of  the  hydrolysis  of 
■oi  too  dilute  solutions  of  CdClg. 

L CdCl,  + NaOH  ==  Cd(OH)Cl  + NaCl 

40,0  lS4.fi  S3.S 

A.  soliUion  of  CdCIa  Is  treated  with  30%  of  the  stoicMo- 

quantity  of  aqueous  NaOH.  The  resultant  solution  should 
«*«a  pH  of  6.6.  The  precipitate  is  a labile  basic  chloride  which 
•OMnwted  in  stages  over  a period  of  a few  days  to  the  stable 
^wrtded  it  is  in  contact  with  the  mother  liquor.  The 
compoeltlon  is  obtained  when  a IM  solution  of  CdCia 
Ir  HMd  a»  the  staHlng  material. 


D, 
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Cdo  + CdCJt  H,0  — 2Cd(OH)Cl 
ias.4  i83.a 


Cadmium  oxide  la  heated  for  several  daya 
aolutlou  of  CdCla  in  a sealed  tube. 

SWONYM^ 

Cadmium  chloride  hydroxide* 


at  2M*Cwltfca 


PROPERTIES: 

Colorless,  elougated,  hexagonal  prisma*  d 4,57*  Layer  lattice* 
type  EO^  [Cd(OH)Cl  typej. 


REFERENCES: 

t.  W.  Feitknecht  and  W.  Gerber.  Helv,  CWm.  Acta  20, 1S44 
(1337) I Z.  KrlsUllogr.  (A)  38,  168  (1937). 

JL  h L.  Hoard  and  O.  D*  Greidco,  Z*  KrLatallogr-  (A)  §7*  110 
(1934). 


Potassium  Codmiuin  Chloride 
CdCI*  KChHiO 

CdCU  + KCl  + HiD  ^ CdCl,*Ka-HiO 
1S3.Q  74.6  ia,0  aW.9 

This  double  salt  crystallizes  below  36,5  *C  from  an  aqueoiw 
solution  of  equimolar  quantities  of  the  componetitfl*  The  anhydrous 
salt  crystallizes  at  higher  temperature* 

The  compound  is  used  in  the  Llpscomh-Hulett  standaxdr  cell 
(704  mv.)* 


PROPERTIES: 

Pine  silky  needles,  tm  saturated  sdlution  conta^  the 
ing  ajnnutita  of  the  anhydrous  salt:  (2,6*C>  21.87  g.,  {19.3  C): 
27,50  g.,  (41,5 'O  35,66  g„  (105.1*C)  81.67  g./l00  g, 

ItEFEREilCE; 

H.  Herlng.  Comptes  Bendus  Hetd.  Stances  AcaiL  Sel*  • 

(1932).  ^ 
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Codmium  Bromide 
CdBr, 

Cd  + Br*  = CdBr, 

1518  272-a 

CadtDium  is  hKHnlnated  at  450  *C  in  ft  quartz  boat  placed  Insitle 
» woor  tube  initially  filled  with  dry  Ng.  Nitrogen  Is  then  paasea 
a washing  bottle  filled  with  Brg  and  Introduced  into  the 
tubTrUe  complete  brominatlon  of  3 g-  of  Cd  requites  about  two 
bMiTS  at  450 *C.  Raising  the  temperature  to  Increase  the  reaction 
rate  Is  not  recommended,  since  this  may  cause  appreciable  quanti- 
ties of  the  metal  to  distill  with  the  product.  The  molten  Cdfirg 
Is  deep  red  as  long  as  unreacted  metal  is  present  and  becomes 
laci^fgingiy  lighter  as  the  metal  is  consumed,  so  that  the  end  of 
tte  reaction  may  be  readily  recognized  by  the  final  permanent 
li^  color.  The  product  CdBrg  is  distilled  twice  in  a stream  of 
Br*  liy  raising  the  temperature;  it  is  freed  of  excess  Brg  by  re- 
iftitiftg  under  pure  CO  a.  The  entire  procedure  may  be  carried 
oitf  in  the  apparatus  described  lay  O.  Honlgschmid  and  F,  Wlttaer 
[2.  anorg.  allg.  Chero,  297  (1936)]  for  the  preparation  of  pure 
uranium  halides;  It  Is  also  described  under  UBr^  {p.  1440). 

Altemate  method:  See  under  zinc  chloride  (p.  1070)  and  cadmium 
cblorlde  (p.  1093). 

PBOPE  KITES; 

Colorless,  hexagonal,  pearly  flakes;  highly  hygroscopic.  M.p. 
S«6*C,  b.p.  963 *C;  d S.192.  SolubiUty  (18  "C)  95  g.,  (100“C)  160  g. 
per  100  ml.  HgO,  Crystallizes  as  the  monohydrate  below  36®C,  as 
the  tetrahydrate  above  this  temperature.  Solubility  (15  ^C)  26.4  g. 
of  anhydrous  CdBra/100  g.  alcohol.  Crystal  structure;  t^e  C 19 
(CdCls  type). 

KCFESENCE: 

O,  Bonfga<!'l>mld  and  H.  Schlee.  Z.  anorg,  allg.  Cbem.  22J,  184 
(M36). 


Cadmium  Iodide 
edit 

L Cd  -f  1,  = Cdl, 

112^  Z53.S  seas 

„ Ca^ilew  eluTlogs  (or  Cd  slurry  obtained  from  CdSO*  solu- 
•“**  + ehaken  in  dUtUled  HgO  with  the  equivalent  quantity 
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im 

of  restibltoed  lodu^.  The  ehaidng  may  he  ■^iPTfnufl-qid  ^vttbUthe 
piixtuj^e  is  refluxed  for  two  hours.  After  the  color  of  the  Uoufal 
'dlsapp®®^^'  filtered  and  concaatrated  on  a steatn  balhw  Tl» 
crystals  are  vacuum-dried  for  24  hours  over  PaDa  at  10(KUb^C» 
Carefully  dried  Cdl^  may  he  suhllmed  In  a stream  of 
free  COa  ■ The  Cdlg  vapor  is  condeuaed  In  a long  gi«g^  Closed 
off  with  canvas.  This  yields  “Cdla  flowers." 

IL  CdSOj  + 2K1  = Cdii  + K,SO, 

(V.  H,0) 

258.5  saaa  seaa  174.3 

An  aqueous  solution  of  three  parts  of  CdSO*  * 8/3  and 
four  parts  of  KI  is  evaporated  to  dryness  and  extracted  with  warm 
absolute  alcohol.  The  Cdlg  crystalllEes  in  oolorless  laTn'ellwe 
upon  cooling  of  the  solution. 

Alternate  method:  See  under  zlne  chloride,  p.  1070, 

PHOPEHTJES: 

Colorless,  lustrous,  hexagonal  leaflets;  stable  In  air.  M.p.3B?'’C, 
h,p,  787  •C-,  d 5.67.  Solubility  (18 *C)  85  g-,  (lOO'C)  128  g./lOO  ml. 
HaO;  (20  "C)  176  g./lOO  ml.  methanol;  *^0  g,/100  ml.  of  ethanol. 
Soluble  In  ether.  Crystal  structure:  type  C 6<CdIs)and  C27  (second 
Cdia  type),  d (x-ray)  of  both  structures  is  identical. 

HEFEHENCES: 

I,  W.  Blitz  and  C.  Mau.  Z.  anorg.  allg.  Chem.  Ug,  170  (192E); 
E.  Cohen  and  A.  L.  Th.  Moesveid.  Z.  phys.  Chem.  §4. 471 
(1820). 

IL  Jahresber.  Fortschr,  d,  Chem.  1864,  242. 


Cadmium  Hydroxide 
Cd(OH), 


!.  COARSE  CRYSTALS 


Cdi,  + 2KOH 


Cd(OH)i  + 2KJ 

146,4  ssao 


A solution  of  10 

320  g.  of  carbonate-free  KOH.  tdo  i35*cl  /plhft ' 

first  precipitate  of  Cd(OH)a 
beating  must  he  aocompaiiied  *>?r 
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Ito  tftwtir  Imrs  ol  the  liquid  from  reaching  a temperahire  Wgh 
to  cause  partial  cORverslon  of  the  Cd(OH)g  to  hlaclcj 
-merWtT  soluUe  CdO.  The  major  part  of  the  Cd(OH)3  ci^talllsea 
iSm  ttie  eoluUon  is  slowly  cooled.  Hovrever,  a part  of  the  hydrate 
TUMfelus  lo  soluttoo  even  after  complete  cooling  and  may  pre— 
as  amorphous  Cd<OH)a  ^ product  Is  Immediately 
treated  with  water.  Therefore,  the  mixture  Is  allowed  to  stand 
ha  Z2  hours  before  attempting  to  separate  the  Cd(OH)s  with 
vater. 

n.  very  homogenous  Cd(OR)s  Is  obtained  from  oathnium  ace- 
tate and  8S%  KOH  following  precipitation  of  crystalline  CdO  by 
Um  procedur6« 

m FI^fE  CRYSTALS 

Cd(K0,),  '4H,0  -H  3NaOH  = Cd(OH),  + INaNOj  + 5 HjO 
ms  S0.<J  146.4  170,0 

A fi«ly  cryst^lne  product  is  obtained  by  drop  wise  addition 
fistlrring  or  staking)  of  a boiling  solution  of  CdfNO^la  to  boiling, 
carbonate-£reo  0*82N  NaOH  (stoichiometric  quantities)*  The  prc- 
cipiUle  is  repeatedly  washed  with  hot  water  and  vacuuxn-drled 
over  PsOk  At  SO^C^  (For  details^  see  in  the  griginsL) 

PBOPEflTEES: 

Nacreous,  hexagonal  leaflets  soluble  in  acids  and  NH*C1 
solution.  Solubility  (25 'C)  0.26  mg./l00  ml.  HgO)  0.13  g,/100  ml. 
liM  KaOH.  Dehydration  starts  at  130  "C,  is  complete  at  200  ”C.  d 4.79. 
Crystal  structure:  type  C6  (Cdlg  type). 

REFERENCES: 

L A.  de  Schulten.  Comptes  Kendus  Hebd.  Seances  Acad.  Scl. 

m.  72  (laoo). 

IL  It  Scholder  and  E.  Staufenbiel.  Z,  anorg.  allg.  Chem,  247, 
271  (IMI).  e-  6 

DL  «.  Fricke  and  F.  Blaschke.  Z.  Elektrcohem.  46,  4B  (1940). 

CcdmiuRi  Sulfide 
CdS 

OdSOt  + HtS  = CdS  + HiSOd 

2Sa^  Siutl.  144.S  BJ.J 

-#  ^ obtained  by  precipitation  with  H3S 

HeKle-achiiBed  aqueous  solution  of  CdSO*.  The  hexagonal 
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1^, 

modification  (more  0!r  leas  free  of  oublc  CdS>  ts 

oadmiiifli  halide  aolutlona;  however,  the  reaultant  sulfide  isooat* 

taminated  with  strongly  adhering  halide  which  cannot  be  washed 

autp 

Depending  on  the  particle  size  and  the  state  of  the  suzlaoe^ 
the  color  of  the  prec^ltates  varies  from  lemon  yellow  to  orange. 
Lemon  yellow  '‘cadmium  yellow**  Is  prepared  hy  predpItaUngr 
with  oonstant  stirring,  a very  diluted  ne\ttral  solution  of  CdSO^ 
with  an  excess  of  Ka^S  solidlon.  The  precollate  Is  then  washed* 
free  of  sulfate. 

Dark  CdS  Is  obtained  hy  calcining  a mixture  of  two  parte  of 
CdCOa  and  one  part  of  sulfdr  powder  in  a crucible.  The  product 
is  pulverized  after  cooling. 

Pure  CdS,  free  of  the  anions  of  the  precipitating  medium.  Is 
prepared  by  bubbling  HsS  through  a solution  of  Cd(C10*>s  in  0.1- 
0.3K  perchloric  acid.  Lower  acid  concentrations  yield  prec^tates 
which  are  difficult  to  filter ; the  precipitation  is  Incomplete  at 
higher  concentrations. 

Crystals  a few  millimeters  In  size  are  obtained  from  HaS 
and  Cd  vapor  at  about  800*C  (see  Frerichs’  method  in  the  literature 
below). 

fROPERTIES: 

Lemon-yellow  to  orange  powder.  Solubility  (18 ’C)  0.l3nig./100 
ml.  H3O.  Soluble  in  cone,  or  warm  dilute  mineral  acids.  Sublimes 
at  980*C.  d 4.82.  Hardness  3.  Crystal  structure;  cubic  type  B 3 
(zincblende  type)  and  hexagonal  type  B 4 (wurtzlto  type). 
modification  is  converted  to  the  hex^nal  by  heating  at  700-800  C 
In  sulfur  vapor. 


AEFEItEMCES: 

W,  O.  Milligan.  J.  Phys.  Cbem.  S&i  (1834);  H.  B.  Reiser  and 
E.  J.  Durham.  Ibid.  22,  1061  (1928);  W.  ^ Muller  ^ g. 
Loffler.  Angew.  Chem.  538  (1933);  E. 
llshed:  G.  Denk  and  E.  Denk-  ^ 

(1949/60);  B.  Frerichs.  Naturwiss.  33,  2181  (1946). 

CADMIUM  SELENIDE  CdSe 

The  preparation  is  analogous  to  that  of  ZnSe  (method  I,  se? 
p,  1078), 

■p  nriutr  httPB  ■ 

Formula  wei^  191*37- 

Crystal  structure:  type  B 3 (zincbtendeiype)8fld'Ss4 


t 
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Codmium  Nifrtde 


Cd,N, 

3Cd(NH,),  = CrfaNi  + 4NK, 

433.4  S65,a  681 

C«dmluitt  amide,  Cd<NH3}a-  Is  thermally  decomposed  io  a 
njpoir  pressure  Budiometer  (see  Part  I,  p*  102)  at  180  ®C  while 
repeatedly  removing  measured  amounts  of  NHa,  The  evolution  of 
HHs  ceases  after  atiout  36  hours.  The  CdaKs  product  decocmpoaes 
If  the  temperature  Is  raised  higher. 

PdOPEirnES; 

Black;  forms  oxide  in  air.  d (Jt-rayJ  7.67.  Crystal  struc- 
ture; type  ZlSa  (Mn^Oa). 

SEFEKENCS; 

H.  Habo  and  B.  Ju^a.  Z.  anorg.  allg.  Chem.  2^,  111  (1940). 


Cadmium  Amide 
Cd(NH,), 

Cd(SCN)t  + 2KNHi  = Cd(NHt}j  + 2KSCN 

2SS.6  110^  144.5  194.4 

Cadmium  thiocyanate  (7  g.)  Is  placed  on  filter  disk  b of  vessel 
* {Ttg*  283),  About  15  ml.  of  carnally  purified  NH^  la  condensed 


Preparation  of  cadmium  amide,  h ajid  fe  pinch  olamips: 
I awmse  eeseel  for  ammonia;  m gl^s  slug;  n glass  bulbs. 
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onto  the  salt,  which  then  diasolves  lathe  AselottanAf 

KNHs  ^ liquid  NHa  Is  a<lded  to  the  above  t]lllxtu]^e  th^ou^itt# 
ground  joint  c,  and  the  vessel  is  oloeod  oS  with  grouad  o»  4* 

A Guffr.  ''rlGte  precipitate  ol  CdCNRsi>v  Is  formed.  The  amount 
KKHa  used  must  be  somewhat  leas  thanstolohiometcicas  C!d(]W^s 
dissolves  in  excess  IQJHa,  In  addition,  no  air  must  be  allowedip 
be  present  during  the  reaction;  a stream  of  Na  Is  therefore  pass^ 
through  the  apparatus  when  it  is  opened  fbr  any  reason. 

After  thorough  mixing  of  the  two  solutions,  the  supernatant 
liquid  containing  and  excess  Cd(SCN)a  in  liquid  KHa  is 

filtered  by  suction  through  disk  h*  This  operation  is  performed 
by  closing  stopcock  e and  carefully  evacuating  the  ipparatus 
through  /;  this  results  in  trai^lbr  of  the  liquid  &can  a to  g,  which 
is  cooled  with  Dry  Ice-alcohol,  The  liquid  is  then  removed  from 
the  system  and  into  Gask  i by  application  of  sllj^t  preseure, 
achieved  by  closing  /,  raising  the  temperature  in  g temporarily 
(remove  the  cooling  bath),  and  opening  the  screw  pinohcock  A. 
After  closing  h,  the  product  is  washed  producing  a sllglit  vac- 
uum in  the  system  and  transferring  fresh  liquid  ammonia  from 
storage  vessel  1 throu^  screw  pinohcobk  1:  onto  the  product  In 
a . Washing  is  complete  when  the  NKs  evaporates  withouit  leaviag 
a residue.  When  this  point  Is  reached,  all  the  NHa  is  removed 
(by  suction)  from  the  product.  The  latter  Is  then  knocked  off  the 
walls  by  means  of  the  glass  slug  m and  transferred  to  bulbs 
The  preparation  is  carried  out  at  (or  near)  the  boiling  point  of 
NHa  (—33,5*0-  Very  pure  Ng,  Introduced  through  stopcocks  p 
or  /,  is  used  as  the  blanketing  gas, 

PilOPESTIES: 

Slightly  yellowish,  amorphous  t rapidly  dlscolO'rs  to  brown,  ia 
air.  d 3.05- 


JCEFEEBNCEi 

R.  Juza,  K.  Fasold  and  W-  Kuhn,  2.  anorg.  allg.  Chem. 

(1937). 

CodmiuiR  Phosphides 

' 

Cdi^n  CdPi,  Clip*  ,i„r: 'ta 


30d  + SP  “ s 

M7.a  eas 


\Hfk 
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M*paltni  «»rU  tube  from  Cd  metal  and  red  P.  temperature 
*?*”**r!^  from  «0  to  600 *C,  The  mixture  le  allowed 

tTnect  tor  about  "lee  hours,  and  the  entire  tube  is  then  heated 
fiBO"C  The  r63ult&nt  CdjPa  is  resubltnaed  several 

a«e.  ««■<  *'  “»•<=  ' 

sUgbUy  colder  part  of  the  quartz  tube. 

Cd  + HP  = CdPt 
112.4  eifl  n4.4 

A mlxUiM  of  CdPa  with  CdgPs  Is  formed  by  using  the  procedure 
gtren  (see  p.  1083)  for  Zug  As^  (method  I). 

TTT.  Cd  H"  4 P — CdF+ 

112.4  l£4,0 


A jwixturs  of  0*6  of  white  phosphorus  and  20  of  a Pb^Cd 
mlloy  cotttttifting  5%  Cd  is  sealed  under  a COe  blanket  in  a Vycor 
■Twpni^i^^  'TJie  ampoule  Is  heated  in  an  electric  furnace  to  566— 
57S*C  (the  heati^  time  is  a few  hours)  and  maintained  at  this 
temperature  for  2.5"-5  days*  If  large  crystals  are  desired,  the 
temperature  gradient  in  the  furnace  should  be  small  and  the  cooling 
slow*  The  Cdp*  is  purified  by  boiling  with  glacial  acetic  acid  and 
HgOa  aiMl  subsequent  treatment  with  20%  hydrochloric  acid* 
The  starting  Pb-Cd  alloy  is  prepared  by  fusing  the  two  metals 
under  KCN  in  a porcelain  crucible  and  cutting  the  product  into 
strips*  Commercial  phosphorus  is  purified  by  melting  under  dilute 
chromosulfur ic  acid  and  dried  under  COe^ 


PHDPEBTZES: 

CdflPa:  Gray,  lustrous  needles  or  leaflets*  M*p.  700 “C;  d 
(x-ray)  5*60.  Soluble  in  hydrochloric  acid  with  evolution  of  PH  g, 
explosive  reaction  with  cone*  nitric  acid*  Crystal  structure: 
tetragonal,  type  D5g  (Zn^Pa)* 

CdP^t  Orange  to  red  [appears  occasionally  in  an  indigo  blue 
modification:  B-  Renault,  Comptes  Rendus  Hebch  Seances  Acad. 
ScUJSw  M3  (1873)1*  Tetragonal  needles,  d (x-ray)  4*19* 

CdP«:  Black,  highly  reflecting  crystals*  Very  unreactlve,  dis- 
solves In  boiling  aqua  regia*  Decomposes  into  the  elements  on 
h*^tlhg  in  vacuum*  d (pycn*)  3*90.  Crystal  structure:  monociinlc, 
apaoe  group  Cgh* 

BCmEHCEST 

h R-  and  K.  Bar.  Z*  anorg*  allg*  Chem*  230  (1956)* 

IL  von  Steckelberg  and  R*  Paulus*  Z*  phyB*  Chem*  (B)  28. 

427  (1939). 

BL  tL  Krete.  K*  IL  Muller  and  G*  Zurm*  Z*  anorg*  allg*  Chem* 
IS  (1996), 
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Cadmium  Arsenides 

CiUsi,  CdAs, 


3Cd  2As  = CdaAs,  Cd  + 2As  = CdAs, 

iJ!J7.2  146.6  «7,I  iia.4  l«-8  3m 

The  preparation  of  CdgAsa  tn  similar  to  that  ofZn«ASa 
(method  I):  heating  the  metal  iti  a stream  of  hydrogen  that  carries 
arsenic  vapor  (see  p.  1083). 

The  phase  diagram  Indicates  the  esdstenoe  of  CdAB8*wMcli  may 
be  prepared  by  fusing  the  components. 

PROPEHTlES; 


CdgAsai  Gray,  M.p.  721  *C.  Hardness  <3.S,  d (x-ray)  6.35, 
d (pycn.)  6,211.  Crystal  structure:  tetragonal,  (ype  DS  ^ (ZoaPa^. 
CdAsg!  Gray-black.  M.p,  621  “C.  Hardness  3.S-4. 


REFERENCES; 

M.  von  Stackelberg  and  a.  paulus.  Z.  phys.  Cbem  (B)  g8, 427 
(1935)  i A.  Granger,  Comptes  Rendus  Hebd,  Seances  Acad. 
Scl.  1^,  674  (1904):  Zemczsuny.  Z.  Metallographie  ^ 226 
(1913). 


Diethylcodnrrum 

cd(caiih 


CrHjBi  + Mg  = CiHjMgBr 
109,0  133-3 


2C,H,MgBf  + CdBr, 
366-6  ^73,2 


Cd(GH»>.  + 2MgBr, 

141.S  363-3 


Anhydrous,  finely  ground  CdBra  (136  g..  0.3  mole)  is  added  ^ 
small  portions  (vigorous  shaking  and  no  cooling  to  a solution  ^ 
CaHBMgBr  In  350  mL  of  absolute  ether.  The  latter  reag^  m 
prepared  from  29  g.  (1.2  moles)  of  Mg  and  131  g.  (1,2  moles^^ 
CaHsBr,  the  nTnount  required  to  dissolve  the  metal,  Themaje® 
portion  of  the  ether  is  distilled  off  in  a stream  of  Ka  on  a water 
bath  whose  temperature  does  not  exceed  80*C.  s^id,  pori^, 
gray  mass  left  in  the  flask  Is  then  * 

liquid-nltrqgen-cooled  trap.  whUe  the  ^ 

Is  raised  from  20  to  120'C  ov^  thsonfi"l»W.dtetilJatl€aij»e?jSsfe 


AND  R^  JU3EA 


Tte  olMT  oompUtely  colorless  distillate  is  caref^iy  freed 
tt  2lr  the  latter  in  a nitrogen  stress  the  residue 

touted  in  N,  at  19.6  nun.  All^e  Cd(C»HB)3  goes  over  at 
It  Is  analytically  pure.  Yield  90%. 

PDOrEKTIGS: 

Cdorless  oil  with  an  urpleasaat  odor.  M.p.  “2^‘C.  h-p. 
119,5  mm.)  64*C,  (760  nm.)  ie4.7'C,  Decomposes  at  160  C.  ex~ 
nlostTelv  at  180  *C.  May  be  stored  without  decoimposltion  in  a 
tube  filled  with  N®.  Fumes  explosively  in  air,  at  first 
ttannliw  white  and  then  (rapidly)  brown  clouds  accompanied  by 
detonation.  Decomposed  by  HgO  with  a characteristic 
encfcling  sound  continuing  for  hours  on  end.  d (21.7 "C)  1.65S. 

KEFESENCE: 

E.  Krause.  Ber.  dtsch,  chem,  Ges.  50,  1813  (1918), 


Cadmium  Carbonate 

cdco, 

L CdCli  - (NH,),Ca.  + 4NH,  = [Cd(NHi}<lCOi  + 2NH,C1 
1613  M.l  240.S  107-0 

fCd(NH,),]COi  = CdCO,  + 4NH» 

a40-5  172-4  flS,l 

A solution  of  (NH«)aC09  Is  added  all  at  once  to  a solution  of 
CdClg.  followed  by  the  quantity  of  ammonia  necessary  to  dissolve 
the  resultant  precipitate.  The  liquid  is  then  heated  In  an  open  ves- 
sel on  a water  bath.  The  CdCO^  separates  as  shiny  crystals. 

IL  CdCl,  + 2HCI  + SH,0  + 2CO(NHi),  = CdCO,  + 4 NHiCl  + CO. 

isaa  72.0  64.1  120.1  172.4  214-0  44.0 

A vertical  bomb  (wall  thickness  3 mm,,  diameter  25  mm.t 
liefgbt  about  50  cm.)  contains  a solution  of  10  mmoles  of  CdCla 
in  30  ml.  of  HaO,  0.3  ml.  of  cone,  hydrochloric  acid,  and  a 
glass  beaker  filled  with  20  mmoles  of  urea.  A long  stem 
from  the  bottom  of  the  bomb  siqiports  the  beaker  above  the  liquid 
ntr&ce.  The  bomb  Is  melt-sealed  and  heated  at  200"C  for  18- 
31  hours.  The  yield  is  almost  quantitative. 


PtoPEtnixa-. 

While  powder  or  rbombohedral  leaflets.  Sparingly  soluble  in 
AaO*  eoMte  la  add.  Vapor  pressure  at  decomposition  (32l*C)  77 
760 nun.  d 4.258.  Crystal  structure:  typeGOi  (calcite). 
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REFERENCES: 


L A.  de  Schulten.  Buli,  Soc,  Cbim,  Fiadcd  [3l  19, 34 
tL  W.  BUta,  Z.  anorg.  allg,  Cliem.  2M,  312  (1934).  ~ 


Codmitirn  Acetota 
Cd(CH*COO), 

Cd{NOs)s-4HjO  + (CH,C0),0  = Cd(CHiCOO)t  + 2HN0i  + 3H»0 
30SS  loaii  2806  lE*.o 

A mixture  pf  6 g.  of  CdlNOg)s  • 4HsO  and  25  mL  of  aoetlc 
anhydride  ts  heated,  when  the  vigorous  reaotloia  has  ceased,  the 
mi^uxe  is  refluxed  15  minutes.  After  cooling  and  suctloit- 
filtering,  the  white,  cryatalline  precipitate  is  washed  with  some 
acetic  anhydride  and  ether,  and  vacuum-dried  over  KOH  and 
HgSO*.  Yield  3,6  g.  (97%). 

PROPERTIES: 

Colorless  crystals.  M.p.  254-256'C;  d 2.341. 

REFERENCE: 

E.  Spath.  Monatsh.  Cbem,  33,  241  (1912). 


Cadmium  Cyanide 
Cd(CN), 

Cd(OH),  + 2HCN  = Cd(CN),  + 2Hrf) 

146.4  S4.1  164-5  34-0 

Evaporation  of  a solution  of  Cd(OH}g  In  aqueous  HCJr  preaJ^l'- 
tatea  Cd(CN)a  in  the  form  of  crystals.  These  are  dried  at 

PROPERTIES:  • 

Alr-stahle  crystals)  turn  brovm  on  heating  In  air. 

(15 "O  1,7  g*/100  HsO*  Soluble  in  W3N  solution,  d 2.22& 
Crystal  structure:  type  C 3 (CuaO  typ®)* 

■ ■ 

refehence!  ■ 

W.  Biltr.  Z.  anorg.  allg.  Chem.  120,  161  (1928). 


tiM 
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Potassium  Totroeyanocadmate 

K,Cd(CN). 

Cd(CN)«  + 2KCN  = K,Cd(CN)* 
im.4  1302 

Codmtum  cyanide,  obtained  by  precipitation  of  a CdSO^  solution 
with  KCK  and  filtering,  is  dissolved  (shakii^  in  an  aqueous  solution 
of  the  stoichiometric  quantity  of  KCN.  The^filtrate  is  crystallized 
hy  evaporation.  The  product  Is  dried  at  10S“C. 


STXOOTMS; 

cadmium  cyanidCi  cadtoium  potassium  cyajiide* 

PfiOPERTfflS] 

Octahedral,  very  refractive,  air -stable  crystals*  Solubility 
(cold)  33,3  g..  (b.p.)  100  g./100  ml.  HgOi  <20*C>  2 g./lOO  g.  of  88% 
v./v.  alcohoL  M,p.  about  450*Ct  d 1.846.  Crystal  structure:  type 
Hlj  (spinel  type). 

RE  FE  BENCE: 

W,  Blitz.  Z,  anorg.  allg,  Chem.  170,  161  (1028}. 


Cadmium  Thiocyonote 
Cd(SC\)i 

CdSOj  -r  Ba(SCN)*  = Cd(SCN),  + BaSOd 

WiHrf)) 

2S8.S  S53.5  2sa.e  233.4 

To  a boilii®  solution  of  12.68  g.  of  Ba(SCN}s  Is  added,  In 
dn^,  12.83  g.  of  CdSO*  ■ 7s  HgO  in  100  mL  of  boiling  HgO, 
^*hing  care  to  keep  the  liquid  boiling.  After  cooling,  the  pra- 
c^dtate  is  allowed  to  settle  and  the  mixture  is  filtered  after 
standtog  for  some  time.  The  mtrate  is  evaporated  to  80  ml., 
filtered  again,  and  evaporated  to  dryness  on  a water  hath, 

tlie  required  starting  solution  of  Ba(SCN>3  is  prepared  by  dis- 
ortrlng  1&.7S  ^ of  Ba(0M)3  • 8 HaO  in  600  ml.  of  HsO  and  allowing 
Jt  to  react  with  a solution  of  7.62  g.  of  KH*5CN  In  100  ml.  of  HaO, 
aoMtdlBg  to  the  equation 

+ 2NJH4SCN  = Ba(SCN),  + 2NH,  + lOH.O 

***^  ssas  34.1  133.2 


The  inlxture 
©vo]ve+ 


JJlNCp  CADMt^fMt  M€ncuttV 


Is  brought  to  a.  boll  iud  heated  untU  HH*  «at»ei^ 

■ ■>;■ 


SVWOMYMS: 

Cadmium  rhodanlde- 

PROPER^Si 

Colorless  crystal  crusts.  Soluble  in  K,0.  alcohol  and  liquid 


REFEREtfCE: 

H-  Grossmaim*  Ber-  dtsch*  chem,  Ges,  35,  2666  (1902)* 


Cadmium  Silico^o 

GdiStOj 

2CdO  + SiO,  = CdrSiO, 

«sa&  00.1  Oia.9 

Like  ZngSlO^f  Cd^SlO*  Is  prepared  from  the  oaddee  by  fusiPh 
or  by  hydrothermal  synthesis  (see  p.  10  8 9), 

SYWOKYM: 

Cadmium  orthosilicate. 

PaOPERTlES: 

M.p-  124 6 "Ci  d 5,833.  Phosphorescent  after  activation  vdtb 
manganese.  . ^ 

refeR£:hcei  : 

W,  Biltz  and  A.  Lemke.  2,  anorg.  allg-  Chem.  2Q5,  330  (1932)} 
C.  J.  Van  Nleuwenburg  a^d  H,  B.  Bhimendahl , Sec,  Trav, 
Chbn,  Pays-Bas  50,  089  (1931)*  ; ^ 


CodmiunJ  Ferro  to  (111) 

CdF««04 


■ .p 


CdCO,  + FetOj  *“  CdFwO,  + CO* 
irSL4  3S9.7  M8.i  44.0 


Finely  screened  CdCOa  lor  Cd(OH)8l 
In  a Cd:Fe  ratio  of  1:3  wre  mixed  for  five  hDUps  on  a?*™ 


im 
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itt  AH  iitoosptwre  fre6  of  COg  and  H3O-  The  loose  powder 
divided  lato  5-&  portions,  which  are  heated  for  one  hour  in  a 
XS^J^StAs%tSQQ^C  [mUtures  wUh  Cd{OHb  1000"C] 
ud  then  allowed  to  cool  to  room  temperature  in  a desiccator* 
Tte  oompound  cannot  be  prepared  by  precipitation* 


PROPERTrES: 

Darh  brown  1 hygroscopic  powder!  stable  at  room  temper atiire# 
Crystal  structure;  type  Hli  (spinal  t3rpe)+ 

REFERENCE: 

R,  Frlcke  and  F*  Blaschka*  Z.  ajiorg*  allg*  Chem,  2^i  396  (1943), 


Mercury  \i\]  Oxychloride 
HgCl*  4HgO 

L To  prepare  brown  HgClg  * 4HgO,  a solution  of  15*0  g*  of  borax 
in  1*5  liters  of  water  is  added  to  a solution  of  10*0  g*  of  mercuric 
chloride  in  2*0  liters  of  water  (both  solutions  are  at  50-56 "^C), 
The  desired  compound  separates  on  cooling  in  the  form  of  thin, 
Qexlble  flakes  O.l-O.fl  mm*  long.  Depending  on  the  thickness  of 
these  flakes,  the  color  of  the  precipitate  varies  from  golden 
yellow  to  black-brown.  The  yield  Is  about  85%,  based  on  the 
HgCl^  used* 

XL  Black  HgClg  * 4HgO  is  obtained  when  5*0  g*  of  finely  crystal- 
line brown  HgCig  * 4HgO  is  heated  for  72  hours  in  a sealed  tube 
with  10  ml.  of  O.lN  HNO3  at  ISO^C*  The  product  separates  In  the 
form  of  rhombic  needles  several  millimeters  long,  which  are 
readily  Isolated  from  the  basic  nitrate  present  in  the  mixture* 

sraowTM: 

Mercuric  oxychloride* 

PBOPEETIES: 

L Depending  on  the  thickness,  golden  yellow  to  dark  brown 
udtes;  elongated  brown  crystals  from  concentrated  solutions. 

in  hot  water  (partial  decompoeition).  The  powder  pattern 
oanaqiitebes  it  from  the  black  form  (apx>earance  of  lattice  defects), 
* ■4HgO  has  a remarkably  wide  phase  ranges  from 
9Jt9  to  4M  hgO, 


i-0,  ZINC,  CADMIUM,  MEHCUftV 


n«9 

n.  Black,  needle-shaped  crystals,  sparingly  soluble  In 
d toycn.)  9.01.  Crystal  struct\tre:  orthorhombic,  space 
D|h  • 

REFERENCES; 

h A,  Weiss,  G.  Nagorsen  fljid  A*  Weles.  2*  Naturforactu  9b, 
SI  {1954>,  ~ 

IL  A,  Weiss,  Private  communication- 


Mvfcury  [W]  Bromide 
HgBr. 

Kg  + Br.  - KgBn 
^.6  1S9-S 

Five  parts  of  Kg  are  covered  witli  60  parta  of  R^O  and  allowed 
to  react  at  50 (vigorous  stirring)  with  four  parts  of  Bra » which 
is  added  drop  wise  as  long  as  no  permanent  color  is  formed.  The 
solution  is  then  brought  to  a boll,  filtered  hot,  and  placed  In  an  ice 
bath  to  induce  crystallization.  The  salt  is  dried  at  as  low  a 
temperature  as  possible.  Purification  is  by  careful  double  or  triple 
sublimation  from  a porcelain  dish  heated  on  a sand  bath  and 
covered  with  a Petri  dish-  When  very  purity  is  required 
(e.g.p  for  conductivity  meaHurements),  it  may  be  necessary  to  re- 
peat the  sublimation  several  times  rnore^ 

PHOPEimES: 

colorless^  lustrous  crystal  flakes  (sublimate  and  from  HgO)^ 
rhombic  prisms  or  needles  (from  alcohol}^  Light  yellow  liquid 
between  m,p,  238 "C  and  b^p*  320,3 "C*  d®^  6^73;  d®*®  (llq*)  6;1L 
Vapor  pressure  (200^C)  24*1  mm.,  t2&0*C)  334,2  mm* j sublimes 
without  decomposition*  Solubility  (25 “^C)  0*62  g-,  (lOO^C)  22  g*  per 
100  g*  HaO;  (26*0  30*0  g*/l00  g.  ethanol;  (25*C)  €9*4  g-/l0G  g* 
methanol-  Specific  electrical  conductivity  (242  ®C}  1hp45  * 10" t 
ohm"^*  Its  melt  is  a solvent  for  a Urge  number  of  laorganio  and 
organic  substances  ^ which  impart  considerable  conductiTl^ 
the  melt«  Cryoscopic  constant  36-7  deg*  per  mole  In  1000  g-  of 
HgSrg*  Rhombic  layered  Uttice,  space  group  C\^  * 

RECCES; 

W,  Reinders*  Z*  phys,  Chem*  (A)  32*  514  (I960);  G. 

K*  Brodersen-  Z.  anorg.  Cbem*  261,  264  {i960}* 


u\% 


AND  R*  JUiA 

Pohis»ium  Tfliodarnttreurate  (N) 

KH2r»'H,0 

SI  -i-  Hgl,  + HiO  = KHglj'HsP  , 

1M.0  -45J.S  18-0  <338-5 

First,  41  g<  of  KI  sini  5^  £■  of  Kgla  are  dissolved  in  14  (!)  ml,  of 
tet  HaCS  The  beaker  should  be  fared  precisely  so  that  evaporating 
HuO  may  he  replenished.  The  salt  crystalliaes  in  yellow  needles 
from  the  cooling  solution.  The  above  instructions  result  from  a 
study  of  the  three-component  system  showing  that 

la  thtPB  system  only  KHglj  • H3O  can  precipitate.  Yield  9 g. 

The  salt  KaHgU  (without  water  of  crystallization)  is  obtained 
from  acetone  containing  exactly  2%  HgO  (between  34  and  56"C). 

tfee:  A solution  treated  with  KI  is  known  as  Thoulet's  solution 
(see  Part  I,  p.  99);  it  is  also  a reagent  for  alkaloids.  Alkaline 
KaHgU  solution  is  Nessler’s  reagent. 

STOOUyMS; 

Mercury  potassium  iodide,  potassium  mercurliodide,  potassium 
iodolnydrar  gyrate, 

PSOPERTIES: 

Light  yellow  crystal  needles;  becomes  orange-red  in  a vacuum 
desiccator  over  (reversible  loss  of  TT^O).  Decomposes  In 

HaO  with  loss  of  Hglg.  Soluble  In  K3  solution.  Sublimes  off  Egla 
OB  heating. 

SErEnENCieS; 

M.  Pemot.  Comptes  Readus  Hebd.  Seances  Acad,  Sci.  IM,  1154 
(1926):  186,  950  (1927);  Ann,  Chim.  [10]  15,  6 {1931). 


Copper  (1)  Tetralodomercurate  [!l] 


CiitHgi* 


L 2CuSO.  + K,HgL  + SO.  + 2HrO 

[5H,01 

«»4  786,5  84.1  38.0 

= CuiHgL  + K,SOj  + SHiSO* 

**5.4  174.3  1W.2 

AaeiMaik  of  4.5  g.  of  Hgla  and  3.3  g.  of  KI  In  25  ml.  of  HaO 
« f**!?  tfeeted  with  a solution  of  5 g.  of  CuSO*  • 6 H3O  in 

* ^ ®s(Oj  SOg  then  introducsd-  Th6  rfisuliant  brl^t-r&d 


CADMIUM,  mercury 


im 


f/-: 


precipitate  Is  suctloc-fllteretl,  washed  with  utd 

lOO^C,  The  compound  may  be  rectystallised  feom  hotbydrochloxjc  . 

acid* 


U*  2Cul  + HgJi  = CutHgli 

asO.a  4S4^  B35.4 

f=’ 

The  components  are  mixed  iu  stolchiometxlo  proportioBa  and 
fused  over  an  open  flame  in  an  evacitated  Pyrex  glass  bcmhi  wUcb 
should  be  as  small  as  possible.  Pure  Cu^Hgl^le  obtetned- 

An  analogous  procedure  yields  AgaHgl^. 

PJHOPEHTIE3: 

Eed  crystalline  powder  or  small,  tabular  crystals^  d $*094^ 
Crystal  structure:  tetragonal-  Space  group  D|jj:  on  heating  to 
70®Cp  the  color  changes  to  chocolate  brown  with  simultaneouB 
enantiotropic  stri«3ture  transformation  to  cubic  type  B3  (zinc- 
blende}  in  which  the  cation  distribution  is  random^ 


REFERENCES; 

L Cabentou  and  Willm.  BulUSoc,  Cbem*  France E2]  13,  194  (ia70>l 
J*  A-  A*  Ketelaar*  Z.  Kristallogr*  80,  190  (1931),  j 

IL  H*  Hahn,  G-  Frank  and  W*  Klbiglor-  Z.  anorg*  allg»  Chejn,  &7i9^ 
271  {I95&h 


Mercury  (b)  Sulfide  . i l 

■:  ^ 

HgS 


BLACK  MODIFICATION 


HgClt  + H.S  = HgS  + &HCI 
271.5  232.7  72.B 


Hydrogen  sulfide  is  introduced  into  a mercury  {IQ  soluttpa 
1-2N  HCl.  absolutely  free  of  otjcldlsing  agents.  Tbe  teansient.^SiSfit* 
to  farownish.  precipitate  reacts  with  additional  HgS  to  yield. 

HgkSiCij  + fttS  3HgS  + 3Ha 


SYMONYMSt 

Ethlcp's  mineral;  mercuric  sulfide,  black. 


tl» 


F,  WAGBMKNECMT  ano  P.  JUZA 


M»  mOlRCAnON 

HgfCHsCOO)*  + HiS  - HgS  + 2CHjCOOH 
31S.J  23.41.  352.7  120.1 

A solution  of  35  g,  of  HgfCHaCOO)^  and  25  g.  of  NH^SCN  In  100 
Of  Ikot  fflaolal  acetic  acid  Is  prepared.  A moderately  fast 
atraam  of  Rb3  Introduced  until  precipitation  Is  complete* 

The  acetic  acid  Is  then  slowly  evaporated  (caution,  HCN!),  and 
black  precipitate  tramsfoma  to  the  red  form.  The  glacial 
acetic  acid  must  be  present  until  conversion  is  complete  j over- 
hsating  must  be  avoided.  During  the  last  stage  the  paste  must  be 
cons^Uy  stirred.  If  this  is  neglected,  the  product  is  dull  red 
or  brown.  When  the  acid  has  been  completely  removed  and  the 
product  cooled,  200  ml-  of  HgO  Is  added  and  the  mixture  is  filtered 
throqgh  a Buchner  funnel.  The  product  is  washed  and  dried  be' 
twwn  two  layers  of  thick  filter  paper*  Yield  25  g* 

If  HgCla  Is  Instead  of  the  acetate,  a larger  amount  of 

glaelal  acetic  acid  is  necessary  and  the  boiling  must  be  longer. 
The  final  color,  however,  is  never  as  magnificent  as  that  of  the 
product  prepared  from  the  acetate. 

Alternate  methods:  a)  A cone,  solution  of  HgCi*  (20  ml,)  is 
po*u^  into  12  ml.  of  aqueous  ammonia  (i:2).  The  resultant  preci- 
pitate Ifi  treated  with  a somewhat  larger  quantity  of  cone,  NaaSgOa 
solution  than  is  necessary  for  complete  solution*  The  mixture  is 
heated  in  a dish  and  evaporated  until  pasty;  the  paste  Is  filtered 
and  washed  with  hot  KgO, 

b)  A dry  method  for  the  preparation  of  cinnabar  consists  in 
subliming  black  HgS,  grinding  the  sublimate  under  H^O,  freeing 
it  from  excess  sulfur  by  boiling  with  a solution  of  K^CO^,  washing 
aul  drying  at  T0**C* 

SVmNTMS: 

Cinnabar,  vermilion,  Chinese  red,  clnnabarlte* 

PaOPEKTCES: 

Black  modification;  Velvety  black  amorphous  powder  (tetra- 
tedral  crystals).  Soluble  in  aqua  regia  and  In  cone*  solutions  of 
alkali  sulfiilesp  forming  thlo  saJte,  Unstable,  d (x-ray)  7.6&.  The 
mineral  metacinnabar  it  e crystallises  as  type  B3  (Klnoblende). 

Bed  modification:  Scarlet  powder,  darkens  in  air.  Soluble  in 
regia,  lees  readily  soluble  than  the  unstable  modification  in 
flOGall  mlfide  solutions*  Sublimes  at  580  *C;  d 8-09.  Hardness 
Benfonal,  deformed  NaCl  lattice,  t^e  B9  (clnnabarlte 


20,  ZJNC,  CAPMIOM*  MEBCUHY 


HEFEHEHCrS:  ■.:.."-tfj:- 

L*  C*  Newell,  R.  N,  Maxson  and  M.  H.  FUson  int  H. 

Inorg*  Syntheses,  Vol.  r,  Kew  York-London,  1939*  p.  19;  a 
Hausamann.  Her.  dtsch.  chem*  Ges*  7,  1747  (1874). 

Mercury  (U)  Selenide 
HgSe 

1-  HgCU  -H  HtSe  ^ HgSc  + £HCl 

271^  81.0  279.G  72,9 

A dilute  solution  of  HgCl^  is  added  in  drops  (stirring)  to  ft 
saturated  aqueous  solution  of  HaSe,  so  that  HgCL^  ia  never  present 
in  excess,  Air  Is  carefully  excluded*  If  a cone,  solution  of  HgCla 
in  used,  the  precipitate  formed  consists  of  yellow  HgCl^  " 2HgSo. 

n.  HgCIf  + 2NaCN  + SNH*OH  + ScO^  + 3SO, 

27L5  98.0  2B9.4  101.0  lOa.2 

= KgSe  + 2NaCl  + 2NH*CN  3{NHj),SO*  + 4HtO 

379.6  Ua.9  S9.1  395,^  12,1 

Mercury  (II)  chloride  is  added  to  an  equivalent  amount  of  KaCN 
solution;  the  mixture  is  made  strongly  alkaline  with  oono^ 
monia  and  an  equivalent  amount  of  SeO«  is  added*  The  mixture 
Is  filtered  and  SO^  Is  introduced.  The  liquid  must  be  matntaioed 
alkaline  to  prevent  precipitation  of  red  aelenlum.  The  end  of 
the  neutralization  may  he  spotted  by  the  reduced  rate  of  atK 
sorption  of  SO  a-  The  black  R^e  Is  suction-filtered,  waehed 
with  a dilute  ammoniacal  NaCN  solution  followed  by  H^Oj  and 
dried  in  a desiccator  over  PaPs- 

■ * 

in#  HS  + Se  ” HgS«  iC- 

200.6  70.0  me 

StoioMometric  quantities  of  Hg  and  Se  are  heated  to  550-6i^*/^ 
in  a sealed  bomb.  ' j.i 

The  product  may  be  purified  by  subUmation  at  600-660*C  m . 
a atream  of  very  pure  Ns. 

SYNONYM! 

Mercuric  selenide. 

PHOF£;nTi£:s: 

Gray-black  (the  subUmed  material  is  vlolet-hlaefc)  isiegiito 
crystals  vrtth  a metallio  luster.  SuMlmea  Yidtlaait  decomposit^^ 


IIH 


r,  W#i«lMKN*OMT  AND  R,  JU2A 


«l  Itm*  «00*c  In  N«.  CO*  or  vacuum,  Soiuble  In  NHilBe,  giving 
ft  solutton*  d 8.a66.  Hardness  {of  tlemaimltel  2.B.  Crystal 
stmotoro:  type  B3  {sJncblende  t}^e). 

ftitFSAENCES: 

L U Mosw  and  K*  Atynskl*  Monatatu  Chem*  45,  235  (1925>. 
IL  H*  Hahn  and  G-  StSrger*  ITopubUshed  data* 

IIL  G,  PeUlni  and  E-  SacerdoU,  Gaza;*  Chim.  ItaL^S*  II*  42  (1910); 

ChezDa  Zentralbi-  191Q>  H>  1741* 

Mercury  |!lj  Affiida  Chlorirfa 
HgNHiCl 

HgClg  + 2NH,  --  HgNHjCl  + NH*Ci 
aTI-5  34.1  2S2.1  S3.'5 

A solution  of  20  g,  of  HgCla  in  400  ml*  of  HsO  ijs  inixed  with 
31  mL  ot  62/  fl0%)  anunonla-  The  resultant  precipitate  Is  allowed 
to  settle  and  Is  then  suction^flltered  and  washed  with  180  mL  of 
cold  water.  This  amount  of  wash  water  must  be  adhered  to  pre* 
clselyi  since  it  affects  the  composition  of  the  product;  with  larger 
quantities  of  H^O  the  product  assumes  a yellow  color  due  to  partial 
fonnatlon  of  NUggCl  * H^Ov  The  product  is  dried  at  30 *C  (ex- 
clusion of  li^t);  when  it  appears  to  be  dry,  It  is  ground  and  dried 
further  at  30 *C-  Yield  18*S  g. 

SYJifOKTW- 

White  mercuric  precipitate  (infusible);  ammoniated  mercuric 
chloride. 

PWPEfirtms; 

White,  light-sensitive  powder*  Insoluble  In  H;gO;  decomposes  In 
Eif}  and  alcohol*  Completely  soluble  in  CH^COOH*  Does  not  melt 
on  heating,  but  volatilises  with  decomposition,  d 5*38. 

BEf^KEHCES; 

& Hannerheim*  Pharmazeutlfiche  Chemie  [Pharmaceutical  Chem* 

IsIryL  IV,  Exercise  Compounds,  Collection,  68^,  p*  63  (1921); 

J-  Sen*  Z*  anorg.  allg*  Chem*  ^3*  197  (1903)* 


Oiomminefnercury  (H)  Dichloride 
HgCl,'2NH, 

HgClj  + 2NH,  - HgCU*2NHj 
27L5  a4.l  305.^ 

* and  a g.  Of  NH*Cl  In  100  jnl.  of 

» aUQftwd  to  react  with  20  ml,  of  4.6N  (8%)  Amr^nniA-  The 


ZO.  ZI14C,  CADMIUM^  MERCURY 


MtS 

mixture  Is  left  to  stand  ebt  days  (frequent  shaking)^  The  resoltaat 
precipitate  consists  of  small,  colorless  crystals.  It  Is  washed  with 
alcohol  and  dried  in  the  dark  over  KOH. 

n.  In  the  absence  of  moisture,  the  product  of  theoretical  oorapadl*^ 
tlon  Is  formed  in  1-5  days  via  addition  of  NHa  to  HgCla  at  room 
temperature  in  a vapor  pressure  eudiometer  (of-  Part  I,  p,  103). 
The  other  known  ammlnes  are  BgClg  • 8 NHs  and  HgCl,  ‘ 9.5  NHa- 

SYNONYM: 

White  mercuric  precipitate  (fusible), 

PBOPERmS: 

Fine  rhombic  dodecahedra  comprise  the  crystalline,  air-stable, 
white  powder.  Melting  range  247  to  253 "C  under  NHa  at  atmos- 
pheric pressure-  Soluble  in  CHgCOOH.  Stable  as  a precipitate  In 
a solution  containh^  more  than  1.7  g.  of  NHgCl/100  ml,  of 
Melts  with  decomposition  on  heating,  d 3,77.  Crystal  structure: 
cubic  with  random  distribution  of  Hg. 

SEFEHENCES: 

I-  D.  Stromholm.  2.  anorg.  allg.  Chem.  g7.  86  (1908). 

IL  W.  Biltz  and  C.  Mau.  Ibid.  148,  170  (1925). 


Mercury  (I!)  1 ml  no  bromide 

SHgBr,  + 3NH,  = Hg*(NH)Br,  + 2NH,Br 

7SS0-S  Sl.I  S7e.l  195.S 

I.  A solution  of  2-16  g.  of  HgBrg  in  80  ml.  of  boiling  water  is 
mixed  with  a solution  of  9.2  g,  of  NB^Br  in  100  ml.  of  0,111 
monlR,  A yellow  precipitate  forms  immediately;  It  Is  supi^Qh- 
flltered  while  still  hot,  washed  with  250  ml.  of  cold  water  j 
dried  over  NaOH.  Yield  1,4  g.  (81%).  -.-.m 

IL  A concentrated  solution  of  1,44  g,  of  HgBrg  and  0.9  g. 

(total  volume  about  30  ml.)  is  added  to  2.6  g.  of  freshly 
tated  llgO.  The  mixture  is  shaken  for  about  six  hours;  it  clarmeS 
after  2.5  hours.  The  precipitate  is  worked  up  as  in  met^Pd  L 

SYNONYM;  . >i* 

jfercuric  luxinohromido,  ^ ■ 


MU 


^AOGNKHCCHT  AHO  R»  JUZ-A 


VaUqw  Ii4bt-a®nsltlv6  powder*  Soluble  in  KCNflJidKI  solutions ^ 
iasima  U organic  solvents.  Shaking  with  cold.  a<iueous  ammonia 
j^yhi  the  bromide  of  Mlllon's  base  (see  below). 


ItEFKKENCES: 

L W.  RliHorff  and  K.  Brodersen.  Z.  anorg.  allg.  Chem. 
n_  A.  lleuwsen  and  G.  Weiss,  Ibid.  289,  5 (1957). 


MMlon’s  Base 


NHg^H  ■ kH,0  (»  = 1 or  2) 

2MgO  NH,OH  = NHg,OK  ‘2HjO  liilS  NHgtOH  -HiO 

433:2  35.1  4flS.3  4S0.S 

Freshly  precipitated  HgO  (see  below)  is  taken  tip  In  carbonate- 
freet  approximately  IHN  ammoniai  and  shaken  In  the  dark  for 
U dayst  The  resultant  Ught-yeilow  microciystalllne  precipitate 
Is  filtered  and  washed  with  some  water*  It  Is  dried  over  slUca 
gel  in  a deslcealor. 

This  dihydrate  of  Millon^s  base  may  be  converted  to  the 
hrown  monot^drate  by  brief  drying  (10  minutes  at  llO^C)*  This 
conipaujul  Is  stable  In  vacuum  over  silica  gel. 

The  starting  HgO  Is  precipitatedat  70® C by  addition  of  a solution 
of  7.5  g.  of  NaOH  in  20  ml.  of  H^O  to  a solution  containing  25  g.  of 
HgCIg  in  200  ml.  of  H^O. 

The  starting  ammonia  solution  Is  prepared  by  passing  51  g* 
of  COj-ficee  NHs  through  260  ml*  of  boiled  distilled  water. 

PaOPERTJES; 

a)  Dlhydrate;  Very  fine,  yellow,  hexagonal  crystals,  light- 
sensitive,  insoluble  in  alcohol  and  ether*  Converted  to  the  mono« 
hydrate  above  110"C*  d (x-ray}  7.33,  Crystal  structure;  hexagonal. 

H Monohydrate;  Brown,  light- sensitive  powder.  In  moist  air, 
the  color  changes  to  yellow,  with  formation  of  the  dlhydrate.  d 
(x-ray)  7,05,  Crystal  structure;  hexagonal* 


W.  Bttlarif  aod  K.  Broderfieo.  Z.  anorg.  allg.  Cham.  33B 


ZD.  ZII4C,  CAOMJVM,  MCACLPRy 

Bremids  ot  Mill'on'ft  Bom 


»lt7 


NHg^ 

SHgBr,  + 4NH»  = NHg^t  + SNH«Et 
"120.9  6e.t  495,1  293.0 

Ammonia  (5  ml.,  44%)  Is  diluted  with  400  ml.  of  water.  A 
solution  of  H^ra  In  200  mU  of  water,  saturated  at  20*C,  Is  added 
with  stirring.  The  resultant  yellow  precipitate  is  filtered  and 
washed  with  water  until  the  filtrate  is  free  of  bromide  ion.  The 
light  yellow  product  is  dried  at  110"C  and  stored  in  vacuum 
over  silica  gel. 

The  iodide  and  the  nitrate  of  Millon' s base  are  also  readily 
prepared  (see  reference  below). 

PROPERTIES: 

Light  yellowj  finely  grained  powder,  d (pyon.)  7.64,  d (x-ray) 
7.66,  Crystal  structure:  hexagonal  (space  groi^ 

REPEBENCE: 

W.  Hudorff  and  K.  Brodersen.  Z.  anorg.  allg.  Chem.  274i  33S 
(1953). 


Mercury  (1}  Thionitrosylate 
(Hg,(NS),], 

2Hg.(NOj),  + St(NH)*  - 2Hg*(NS),  + 4HNO, 

(2  H,o) 

ll^.S  lSft.3  936.7  ZSai 

A solution  of  2.3  g.  of  Hga(NO,)a  (carefully  predried  over  P^O#) 
In  about  60  ml,  ofdimethylformamide  is  prepared.  Any  basic  ndftrate 
which  may  precipitate  is  filtered  off.  The  solatlon  is  cooled  In  a 
— bath  and  400  mg.  of  S*(NH)a,  dissolved  in  a few  milliUtere 
of  dlmethylformamide,  is  added.  The  resultant  yellow  solution  & 
slowly  brought  to  room  temperature.  A yellow  precipitate  begins  to 
separate  at  about  O'C.  The  mixture  is  allowed  to  stand  10  minutes 
and  is  filtered  on  a coarse  fritted  glass  filter.  The  precipitate  Is 
washed  with  dlmethylformamide,  followed  by  acetone.  The  product 
is  dried  in  high  vacuum,  first  at  room  temperature,  then  for  a short 
time  at  100*C.  Yield  1-1.5  g. 

SYNONYM; 

Mercurous  thionitrosylate. 


■ ■ **  'f 


in% 


r*  wagknkkiecht  amd  p.  juza 


Soua  yellow  substance*  Insoluble  in  all  common  solvents, 
room  tempe^rature;  detonates  when  held  Iti  a flame* 
IMnlyiiea  by  bases*  evolving  NH^i  reacts  with  strong  acids , 
baste  Hg  salts*  SOg  and  anunonimn  salts* 

ItSFt  HENCE: 

Goohrlog  and  G*  Zirker*  Z*  anorg*  allg*  Chem*  £85*  70  {1956), 


Mercury  (N)  Thionifrosylote 
iHg(NS),]. 

2Hg{CHjC00)j  + S*(NK)i  = 2Hg(NS)i  + iGHjCOOH 
637-4  iSS-3  3^0.2 

A solution  of  27  g.  of  Hg  (CH3COO)a  in  absolutely  dry  pyridine 
is  prepared*  Then  1 g-  of  S4(NK)4r  in  20  mb  of  pyridine  is  added, 
resulting  in  the  appearance  of  a blood-red  color,  followed  soon  by 
separation  of  a fine-grained  yellow  precipitate*  The  mixture  Is 
mechanically  shaken  until  the  supernatant  becomes  pure  yellow; 
this  requires  about  two  hours.  During  this  operation,  the  tempera^ 
ture  should  be  maintained  at  20-25 '"C;  the  reaction  is  inhibited 
at  lower  temperatures.  After  the  shakingp  the  deposit  Is  washed 
several  times  with  pyridine  {total  SO  ml,)  and  the  solvent  Is  de- 
canted,. The  remaiiupg  pyridine  is  removed  by  ether  extraction* 
The  product  Is  vacuum-dried  over  cone,  KaSO^-*  Yield  2 g,  {65%)* 

PROPERTIES: 

Finely  divided  yeDow  powder*  Insoluble  in  all  common  sol-* 
veate*  In  water*  decomposes  with  blackening.  Stable  at  room 
temperature,  decomposes  at  about  140 "C, 

STNormi] 

Uercuric  thlonitrosylate* 

aEFE  BENCE: 

A.  Meuwsen  and  M*  Loach*  Z*  anorg.  allg,  Chem*  271,  217  (1963)* 


Diethylmercury 
2CjffMgBr  + HgCl,  - (CiH,)tHg  -4 


J71.S 


m7 


MgBrj 

1&4,3 


+ 


MgCl, 

95.12 


MACMlnm  himlnes  <25  g.)  are  covered  Mth  600  mU  of  dry 
n A two-liter  three-neck  flaek  provided  with  a droppliig 


ZINC,  CADMIUM,  M^RCUAY 


1 1 

funnel  and  reflux  condenser*  Ethyl  bromide  (1^  Is  gradusl^ 
added  in  drops  from  a funnel-  The  rate  of  the  reaction,  nrhloli 
starts  after  a few  minutes , i$  regulated  by  the  rate  of  addltioiL 
It  may  be  slowed  by  cooling  with  water*  When  the  reaction  ceases, 
the  solution  Is  boiled  for  about  30  minutes,  cooled  and  filtered 
through  glass  wool* 

The  ethereal  C^K^MgSr  solutionis  treated portionwlse  (stirring 
with  97  g*  of  HgCla  in  a second  three -neck  two-liter  flasks  equipped 
with  a stirrer  and  a reflux  condenser*  The  addition  is  spread  out 
over  43  minutes  to  avoid  a too  violent  reaction*  The  solution  1b 
then  boiled  for  about  10  hours^  after  which  250  ml.  of  wAtw  1^ 
slowly  added  through  the  condenser  to  hydrolyze  the  excess  CaH»^ 
MgBr-  The  ether  layer  is  separated  and  dried  over  CaCl^*  After 
removal  of  the  ether  by  distillation,  the  residue  Is  distilled  under 
reduced  pressure-  The  Hg(CaH^),  goes  over  between  97  and  99 *C 
at  100  mm.  Yield  55  g*  ("^00%), 

Dtmethylmercury  may  be  obtained  in  a similar  manner  ac- 
cording to 


2CH,MgBr  -h  HgCl,  Hg(CHa)j  + MgBr,  + MgCJ*. 

Storage  ampoules  are  first  filled  with  Ng  or  COg  to  avoid 
explosions  during  melt-sealing.  To  avoid  the  unpleasant  results  of 
shattering  of  the  ampoules  on  explosion  (flying glass, etc*),  the  am- 
poules should  be  stored  in  cotton  wool  inside  weU-stoppered  pow- 
der jars. 


PROPERTIES: 


Almost  odorlesst  heavy  liquid*  B-p+  (760  nun»)  159 ®C*  Stable 
to  H^O  and  air*  Gradually  decomposes  when  stored  in  light  (Hg 
drops  appear)-  Almost  insoluble  In  HgO,  sparingly  soluble  in 
alcohol,  soluble  in  ether*  d (20*C)  2*466,  Very  toxic* 

The  danger  of  poisoning  1$  especially  groat  whoa  the 
pound  is  spilled  on  a porous  surface,  such  as  a laboratory 
bench  or  wooden  floor.  The  material  le  inaotlvated  ^ 
chloric  add  or  hot  mercuric  chloride  solution  {formatlTO  bt- 

CgHEKgCl)* 

■iujtd-- 

AEFEHENCSS:  s^'.- 


C.  S,  Manrel  and  V.  L,  Gould.  J.  Amer.  Chem.  Soc,  44, 

E Krause  and  A.  von  Grosse.  Chemle  dor  metaUtpr,^ 
V^bindungen  [Cbemistryof  OranometalliGCompouaiteJi 
1&37. 


titft 


WA«tN«NECMT  ANO  R,  ^UZA 

Marewry  Acstota 


Hgi(CHiCOO)4 


(2  H,0) 
S»V3 


2 CH^COO^Ia 


ifri.i 


Hgi(CH,COO)*  + 2NaNOi 
519  J 170-0 


A soluttoQ  Of  20  g.  of  Hga(N03)  3 in  120  ml.  of  water  plus  3,6 
nh  of  26%  HNOa  is  treated  with  a solution  of  IS  g.  of  sodium 
In  50  ml.  of  K:iO.  The  resultant  precipitate  Is  washed 
with  cold  water  and  dried  In  a desiccator  over  CaCla.  Yield  13  g. 


STWONYN; 

Mercurous  acetate, 

PBOPEATIES^ 

WhitOt  light-sensitive  crystal  flalces  (tinged  with  gray},  Solu* 
t^ily  (1S*C)  0-75  g-ZlOO  ml*  HgO.  On  boiling  and  in  light  the  com- 
pound in  solution  disproportionate  s to  Kg  and  Hg  (II)  acetate  j the 
mercuric  salt  then  hydrolyzes  to  a yellow.  Insoluble  basic  salt* 
Readily  soluble  in  dilute  acetic  acidp  ir^oluble  in  alcohol  and  ether* 
Decomposes  on  beatings  forming  a residue  of  black  flakes - 

n^:FE^tE^JCE: 

Ullmann.,  EnzykopSTdle  d.  tecbn*  Chemie  fEncyolopedia  of  Ind* 
Chemistry],  2nd  ed**  IV*  €79- 


Mercury  (M)  Acetate 
Hg(CH,COO), 

HgO  + 2CHiCOOH  = Hg{CHjCOO)j  + H,0 

aia.7  le.o 

A soluUoa  of  20  g.  of  reflow  HgO  in  30  ml.  of  S0%  CH3COOH  Is 
prqiared  on  a water  bath.  It  le  filtered  through  a Jacketed  filter 
with  hot  water,  and  the  filtrate  is  cooled  with  ice.  The 
are  suction-dried  and  washed  with  ethyl  acetate.  The 
is  recrystalUxed  from,  hot  ethyl  acetate  or  from  hot 
water  sUgbtfy  acidified  with  acetic  acid.  The  salt  is  dried  In  a 
wKwan  desfccster  over  caci  a> 

^ a wiercurlzing  and  oxidizing  agent  and  for  the  ah" 


20.  ZtKC,  CADMIUM,  MeRCUPIY 

SYnONyM; 

Mercuric  acetate, 

PROPERTIES: 

Nacreous,  light-sensitive  crystalline  daises.  Oo.  stori^.ad^ 
quires  a yellow  tinge  and  an  odor  of  CHgCOOH  (foxmaftoa  of U 
basic  salt).  M.p.  1?8-18Q*C,  decomposes  at  higber  temperatures. 
Solubility  (0"C)  25  g.,  <19*C)  36.4  g./100  ml.  about 

lOD  g.  at  100°C  with  partial  dec.}.  The  compound  In  0.2N  aqueous 
solution  is  approximately  30%  hydrolyzed^  the  yellow  basic  salt 
precipitates  on  diluting  Or  heating;  Soluble  in  ethyl  acetate. 
3.286. 

REFERENCE: 

Gmel in- Kraut.  Hdta.  anorg.  Chem.  [Handbook  of  Inorg.  Chem.].  7th 
ed„  V2,  826,  Heidelberg,  1914,  modified. 


Mercury  |M}  Cyanide 
Hg(CN}, 

L HgO  + 2HCN  = Hg(CN),  + 

S4.1  tsLT  ise 

The  crystalline  material  is  obtained  by  evaporation  of  a solu- 
tion of  HgO  in  aqueous  HCU,  The  product  la  reorystanized*  drl^d 
at  50  ^C,  ground  and  redried. 

B.  9HgO  + F6.[Fe(CN),]4  -5-  9H,0  » 

V,*  195-0  8S.&  i6.a  _ . 

9Hg(CN),  + 4Fe(OH), +3Fe(OH>,  j 


One  part  of  HgO  13  digested  for  a few  hours  on  a water  toatS 
with  one  part  of  Prussian  blue  and  10  parts  of  HjO.  The  crysl^vv| 
separate  on  evaporation  of  the  solution.  . 

aVNONYM:  '' 

Mercuric  cyanide. 


PROPERTIES; 


Colorlesa,  prismatic,  tffragoniia  <u7slaJs.^I^po^j^es 
and  (CN)^  at  320 “G.  Solubility  i(0*G)  t 


lui 


WAaEM(4>)CCHT  AND  JUZA 


m.f\\  ftS,5*C)  lOiil  g*/lM  S*  ethanol;  (19.5  *Q  44,1  g./100  g. 

^ 3,996,  Crystal  structure;  type  Fli  (Hg(CN)a  tjrpe]^ 


MFCHENCBS: 

I W*  Blits.  Z,  anorg.  alig.  Chem.  170,  161  (1928). 

IL  GaieUtt-ICraut.  Hdb.  anorg,  Chem*  f Handbook  of  Inorg.  Chem.], 
Tth  «d.  V3,  832,  Heidelberg,  1914. 


Potassium  Tetracyono  me  rewrote  (ti) 

K.Hg(CN), 

Hg(CN)i  + 3KCiM  = K,Hg(CN), 

2Sa.7  130.2  362,3 

L A solution  of  stolohlometric  quantities  of  Hg(CN)a  and  KCK  is 
enqiorated  to  induce  crystallizatUm.  The  product  is  recrystal- 
lised and  dried  at  80  *C. 

It,  Treatment  of  a suspension  of  Kg(CN)a  In  liquid  HCN  with  the 
stoichiometric  quantity  of  KCN  produces  KKg(CN]ij,  in  addition 
tOX3Hg(CH)« 

STNONTM; 

Potassium  mercuricyanide. 

PBOeaRTIES: 

Colorl^s.  octahedral  crystals.  Solubility  (20 'C)  1 g./35  g.  of 
88J  T./v.  alcohol,  d 2,420.  Crystal  structure;  type  Hli  (spinel 

type). 

SEFESEirCES; 

L W.  BUta.  Z.  aaorg.  allg.  Chem.  170,  161  (1928). 
n.  G.  Jander  and  B.  Gruttaer.  Ber  dtsch.  ohem.  Ges,  SI,  U8 


Mercury  (I)  Thiocyanate 
Hg.(SCN), 

Hft(NO,)t  + 2KSCN  = Hg,(SCN),  + 2KNO, 

CH,0) 

202,2 

, *^*%**^  ddJntJon  of  ligaCNOg),,  j&reed  of  mercuric  Ions 
^ ™ nwwlius  la  treaty  wl&  somewhat  less  than  the 


Z|NC»  CADMLUMt  MEHCUW 


stoichiometric  amount  {--76%)  of  KSCK  solutloiu  A dark-grAy 
precipitates  at  first;  after  atandteg  for  severitl  days 
stirring)  f It  becomes  compLetety  white.  B Is  washed  swjMifl 
times  with  boiling  H 

SYNONYMS: 

Mercurous  thiocyanate;  mercury  (1)  rhodanlde* 

PROPEaTEESt 

Colorless,  light-sensitive  powder.  Insoluble  in  solvtde 
in  KSCN  solution,  precipitating  Hg-  Decomposes  on lleating^  forming 
a foamy  mass,  d 5. SIB, 

reference:: 

K,  Huttner  and  S*  Knappe,  Z«  anorg,  allg.  Cbem^  IM,  27  (1930)^ 

Mercury  {II]  Thiocyanate 
Hg(SCNK 

Hg(NO,)*  + 2 KSCN  = Hg(SCN)»  + 2KNO, 

(HiO) 

3412.6  IS4S  3ias 

A Hg(KOa)s  solution,  acidified  with  a few  drops  ofBNO*, 
is  treated  with  the  stoichiometric  amount  of  KSCN  solutloHi  The 
resultant  crystalline  precipitate  is  suction-filtered  and  washed, 
with  KaP,  The  product  may  be  recrystalfized  from  hot  or 
alcohol,  yield  80%. 

SYNONYMS; 

Mercuric  thiocyanate,  mercuric  sulfocyanate. 

PHOPEUTIES: 

Colorless,  fibrous  needles  or  nacreous  flakes*  SolubUity  [2S*q'^ 
0.069  C-/100  ml-  HgOp  The  aolubUlty  in  alcohol  and  boiling 
and  in  KSCN  solution  is  higher.  In  efiier  lower*  Decomposes 
swelling  on  heating  to  166  *C* 

BEPEBEKCE: 

W*  Peters.  anorg.  allg*  Chcnu  77,  157  (1912). 


1IM 


r,  WAGINKMECHT  AMO  R.  JUIA 


Fotassivm  T«tfalliiocvonoir*i'curotd  (JIJ 
KiHg(SCN^, 

Hs(SCNJi  3KSCN  = KiHg(SCN), 

316.8  19^3 

A boUing  solution  of  20  g.  of  KBCN  In  100  ml,  of  HgO  is  mixed 
with  3LT  g*  of  Hg^CN)a*  The  HgS  precipitating  on  cooling  Is 
filtered  off*  The  filtrate  is  concentrated  on  a water  bath  LEntli 
orystailixatioiu  The  solution  then  solidifies  on  further  cooling 
to  a wMtei  fibrous  crystalline  mass*  It  is  suction-’ filtered  and 
dried  over 


Poitaaslum  mercurithlocyanate* 

PflOPaflTIES: 

Brilliant  white  crystal  needles.  Readily  soluble  in  cold  water ^ 
soluble  in  alcohol p insoluble  in  absolute  ether. 

HE  FE  HENCE: 


A-  Koaenhelm  and  R,  Cohn*  Z*  anorg,  a%,  chem*  27 ^ 285  (1901), 


SECT^ON 


■ ■■■  ^ 

Scandium,  Yftrium,  Rare  Earths* 


K.  wcnEi 


Pyf*  Scandium  Compounds 


Scandium  may  be  freed  of  accompanying  elements  ty  extraction 
of  its  thiocyanate  with  ether, 

A)  PURIFICATION  OF  SMALL  QUANTITIES 

One  ipi'am  of  the  oxide  (which  should  contain  as  little  Tlj  Zr 
and  Hf  as  possible)  Is  dlsaoived  in  dilute  hydrochloric  add*  Tte 
solution  Is  evaporated  on  a water  bath  until  a moist  crystal  paste 
is  obtained  (see  note,  p.  1126)*  This  Is  taken  up  In  60  ml.  of  OiON 
HCL  Then  53  g>  of  NH^SCN  is  added  (the  final  vokune  should 
about  100  ml*)  and  the  Tnixture  is  shaken  with  100  ml*  of  ether*^  JS,  e 
separatory  funnel  is  used,  complete  phase  separation  is  often  diffi- 
cult to  achieve  since  the  stopcock 
may  become  plugged  with  solid  de- 
composition products  of  HSCN  dur- 
ing the  removal  of  the  bottom  phase. 

It  is  therefore  advisable  to  use  a 
flask  such  as  that  in  Fig.  264,  which 
has  a ground  glass  stopper  at  the  top, 
and  to  use  a vacuum  in  order  to 
transfer  the  top  (or  ether)  phase  Into 
flask  c via  tube  K Dilute  HCl  (5-10 
mL)  is  added  to  the  separated  top 
phase,  the  ether  is  evaporated,  and 
the  dry  residue  is  treated  on  a water 
bath  with  cone*  nitric  acid,  added  In 
drops  (cautioni  violent  reaction)* 

The  mixture  is  then  boiled  with 
some  additional  cone*  nitric  acid  un- 
til the  orange  red  HSCN  deoomposte 
tion  products  disappear.  The  solution 


m- 

■■ 

Fie.  284.  Etltetlt 
of  scandiuw  tkoej  ' ^ 

ether  goluttOKij  0-i 
c stoi^ege 

BOlutlon,  e vai/itttm 
tioa. 


*In  the  following 
getierei.  aj^bol  Ld. 


feict,  the  ]t£re  eitrths 


U25 


MM 


K,  WETZEL 


tSL  with  wateT  and  pure  scandium  1^5  precipitated  with  dilute 

Thijs  procedure  almost  completely  removes  Mgi  the  lan^ 

thftBldw.  Th  and  Mxii  It  also  frees  the  scandium,  to  a larp  extent, 
of  Zr^  Hf,  U and  Fe*  However,  the  product  is  still  contaminated 
with  ^‘arying  amoimts  of  Be,  Al,  In,  Mo,  Re,  Fe  and  Co. 


\ort': 

Very  impure  raw  material  samples  of  ten  yield  a noncry  sta  Hiding 
sirup  on  evaporation  of  the  HCl  solution;  this  sirup  should  not  be 
heated  too  long^  because  there  Is  a danger  of  extensive  hydrolysiSi 
A small  excess  of  HCl  does  not  Interfere  at  this  stage, 

PI  KIUC  iTlON  OK  I Alter  QUrVN  riTIKS 

The  crude  oxide  (60  g,)  is  dissolved  in  hydrochloric  acid  and 
evaporated  carefully  on  a water  bath  until  a moist  crystalline 
mass  is  formed. 

(If  the  mass  should  become  sirupy  instead  of  crystalline,  the 
evaporation  is  discontinued  and  the  mixture  is  diluted  in  400’5DO  mL 
of  water.  Then  dilute  ammonia  is  carefully  added  until  the  yellow 
ead’point  of  tropeolin  00,  30  ml.  of  2NHC1  is  added,  and  the  volume 
Is  made  up  to600mh  with  water.  The  purification  procedure  is  then 
continued  as  described  below-} 

The  paste  is  dissolved  in  6(KI  ml,  of  0-lM  KCL  If  Ti  or  consid- 
erable quantities  of  Zr  and  Hf  are  initially  present,  hydrolysis  prO“ 
ducts  of  these  elements  may  still  remain;  they  arc  filtered  off  before 
the  next  step.  The  solution  is  then  allowed  to  react  with  500-&30  g. 
of  KH+SCK  and  shaken  with  one  liter  of  ether  in  a three-liter  flask 
(not  a separatory  funnel).  Just  as  in  method  (A),  as  much  of  the 
ether  layer  as  possible  is  transferred  to  a second  flask  containing 
100  ml,  of  a saturated  aqueous  solution  of  SC N*  The  acid  content 
of  the  ether  layer,  which  reaches  0,Q6N  (InHSCN)  in  the  first  flask, 
is  largely  neutralised  by  slow  addition  of  27  ml-  of  2N  ammonia  (the 
flask  is  vigorously  shaken  during  this  addition)*  The  ether  is  then 
shaken  in  a third  and  fourth  fla^k  each  time  with  100  ml-  of  45% 
KHiSCN  solution.  The  Sc  is  obtained  from  this  purified  ether  phase 
by  extraction,  in  a separatory  funnel,  with  pure  water  (portions  of 
250-500  ml.)*  The  extraction  is  continued  until  the  aqueous  layer 
ceases  to  yield  a precipitate  on  addition  of  dilute  ammonia  (any 
iron  In  the  starting  material  will  concentration  In  tho  first  250-500 
mL  of  aqueous  extract)*  About  2-3  liters  of  water  is  necessary  to 
extract  40-50  g*  of  Sc^O,!  from  one  liter  of  ether*  The  aqueous  phase 
rraialfilng  to  the  first  flask  is  now  acidified  with  30  ml,  of  2N  HCl 
and  the  operation  with  one  liter  of  ether  is  repeated  (reuse  the 
aq^aotiB  solutions  in  flasks  2 to  4,)  A second  repetition  of  the  ex- 
traction procedure  yields  the  last  traces  of  Sc* 


2i.  SCANDIUM,  yttrium,  RARE  EARTHS 


^i^7 


Such  a purification  of  an  oxide  initially  containing  76-80%  ScaOa, 
3^9%  ZrO..  0 e-0.9%  HfO.,  1-2%  Y.O,.  0,5%  l%ErV,; 

0,5%  TmsOs  . 6-8%  YbaOa,  and  l%Lu303g&vea  90%  yield  of  SC3O3Y 
Spectroscopic  analysis  {x-ray)  revealed  no  other  rare  earth  Impu- 
rities nor  Zr  and  Hf  in  this  product  (limit  of  detection:  0,1%);  the 
remaining  10%  of  the  scandium  oxide  present  In  tlie  raw  material 
was  also  obtained  In  greatly  concentrated  form.  After  conversion  to 


the  ojd-de,  the  residue  left  in  the  first  flask  contained  less  than  0,5% 
SCaOa* 


A Iteyjiate  methods:  a)  Fractional  condensation  of  the  chlorides* 

b)  Fractional  auhUmatlon  of  the  acety  lace  to  nates, 

c)  According  to  Vickery*  pure  Sc  compounds  may  be  obtained  by 
ion  exchange* 


REFErtETNCeS: 

\V,  Fischer  and  H,  Brock*  Z*  anorg,  allg*  Chem,  249*  168  (1942); 
this  paper  also  reexamines  several  other  procedures  for  ex- 
traction of  scandium;  E*  C*  Vickery  * J.  Chem,  Soc*  {London) 
1955,  245. 


Treotmeot  of  Monozite  Sand 

Mona^ite  is  the  orthcjphosphate  of  the  cerium  group  of  rare 
earths;  it  contains  oxides  of  the  cerium  group  (SG"'70%)r  oxides  of 
the  Y group  (1-4%)  ThOg  (1-20%),  varying  quantities  of  ThSlO^i 
small  amounts  of  FegOa  and  Al^Os, 

A)  KXTRAa  ION  Wmi  SULR5RIC  ACID 

The  monazite  sand  is  ground  in  a bail  mill  (final  product  approx* 
U*S*  30  mosh).  Cone-  H^SO^  (3*25  kg,)  is  heated  to  200 “C  in  a six- 
liter  porcelain  dish*  and  3*5  kg-  of  ground  sand  is  gradually  added 
in  small  portions  (efficient  stirring  is  necessary).  Heating  and 
stirring  are  continued  for  30  minutes  after  completion  of  the  addi- 
tion, until  a dark  gray,  quite  firm  paste  is  obtai^* 

The  paste  is  slowly  poured  (stirring)  into  25  liters  of  cold  water ^ 
and  stirring  is  continued  for  one  hour.  If  the  solution  is  still 
after  this  timCi  ice  Is  addeduntli  the  temperature  drops  ® ^ 

since  the  rare  earth  sidfates  are  more  soluble  in  cold  than  hot 
water.  The  residue  Is  allowed  to  settle,  the  clear  supernaUnt  is 
decanted,  and  the  solid  is  suction-filtered  and  washed  several  times 
with  cold  water.  The  residue  consists  of  SlOsr  TiO,,  ZrOs 
unreacted  monastte.  The  residues  of  several  ^Motions  may  be 
combined  and  subjected  to  a second  HaSO*  treatment. 
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Tto  tUtnlei  which  contains  H^PO^*  Th  and  the  rare 

is  diluted  to  lea  liters  and  stirred  for  one  hour  in  an 
MiXthenware  or  vvooden  vessel*  The  nascent  j slightly  bine -gray, 
IWiWt  gelatliious  preclpitete  is  allowed  to  settle  for  6-12  hours* 
K owists  of  ThPuO?  contaminated  with  phosphates  of  cerium 
wd  of  other  rare  earths.  The  precipitation  Is  complete  when  no 
•ddlttoial  solid  separates  on  further  dilution.  The  ThPgO^  is 
filtered  off  and  washed  with  water, 

a PftEClPn  ATION  OK  THE  RARK  EARTHS  IN  THE  KORM  OK 
\^>SO^  ’ U3{S0^)j  ’ 2M3O  OR  ‘ 

The  rare  earths  are  isolated  from  the  filtrate  by  agitation  in  the 
presence  of  finely  ground  N&a30+  until  the  absorption  bands  of  Nd 
are  00  longer  observable  through  a 5-cm,  layer  of  the  clear  super- 
Mtanl,  The  precipitate  is  filtered  off,  washed  and  dried  at  110 “C 
[If  the  starting  material  contains  large  amounts  of  yttria  earths 
li*e*p  xenotime,  YPO+}  it  is  best  to  precipitate  with  solid  oxalic 
acid,  since  the  double  sodium  yttria  sulfates  have  appreciable 
solubilities  in  water] - 

A first  crude  separation  of  the  ceria  earths  from  the  yttria 
earths  is  achieved  by  adding  solid  oxalic  acid  to  the  filtrate  from 
the  douhle  sulfate  precipitation.  Use  of  a saturated  solution  of 
oxalic  acid  yields  a precipitate  which  is  difficult  to  filter  and  ne- 
cessitates further  dilution  of  the  solution. 

m CONVERSION  OF  THE  SULFATES  OR  OXALATES  TO  THE 
OKCDES 

The  double  sulfates  or  oxalates  are  mixed  with  water  and  stirred 
to  a thick  paste,  which  is  allowed  to  react  with  slightly  more  than 
the  ^tolchiomjetrlc  quantity  of  eoild  NaOH,  which  is  added  In  small 
pOTttona  with  constant  stirring  at  high  heat.  As  the  reaction  pro- 
ceeds»  (be  paste  becomes  increasingly  liquid  and  stirring  is  easier, 
Tbe  reaction  is  brought  to  completion  by  further  beating  and  stir- 
ring  for  one  hour.  The  hydroxides  are  transferred  to  a 30-  to  40- 
lller  earthenware  container  and  stirred  with  20-30  liters  of  water* 
The  precipitate  is  allowed  to  settle,  the  supernatant  Is  siphoned 

and  the  washii^  is  repeated  until  the  liquid  gives  only  a weak 
alkaltoe  reactioji,  Tbe  hydroxides  are  dissolved  in  cone*  nitric 
MCU  (fM  3%  if  large  amounts  of  Co  are  present)*  This 

serves  as  starting  material  for  further  workup* 
s^iaratiDn  of  tbe  resultant  mixture  of  rare  earths  and 
vouMm  of  Jodividtial  components  are  described  In  later  procedures 
m tfete  MCtlon;  in  particular,  see  the  preparation  cf  pure  La,  Pr 
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and  Nd  compounds  from  cerla  earths  by  ton  exchange  and  the  nrev' 

aration  of  pure  Ce,  Sm,  Eu  and  Yh  compounds, 

REFERENCES: 


Pierce,  R,  A.  Hanson,  J,  c,  Butler,  W,  C,  Johnson  and  w#  O, 
Haas  in:  W.  C.  FerneUus,  Inorg.  Syntheses,  VoL  n.  New  York- 
London,  1946,  p.  38s  S.  J.  Levy,  The  Rare  Earths,  Ltonctoa, 
1924,  pp.  18,  71,  79. 


Treotment  of  Godotmite 

Gadollnlte  Is  an  yttrla  earth-berylllum-lron  (El)  sillcatej  its 
approximate  composition  Is  YgBesFeSiaOi  g,  and  It  contains  vp  to 
50%  rare  earth  oxides  and  about  10%  BeO. 

A)  EXTRA CTlOTt,  SEPARATION  OF  SILICIC  ACID 


The  gadollnlte  is  pulverised  In  a ball  mill  to  a slse  passing 
through  a U.S.  149~meeb  sieve.  Two  kilograms  of  this  material 
are  mixed  with  seven  liters  of  cone.  HCl  and  evaporated  {stirrLn^ 
in  a shallow  poroetain  dish  placed  on  a sand  bath;  the  evapocratlon 
Is  continued  until  a stiff  paste  Is  obtained  (1,5  days  req^ulred).  The 
residue  while  still  hot  is  taken  up  in  2-3  liters  of  hot  water, 
suction- filtered  and  pressed  dry. 

To  complete  the  extraction,  the  residue  Is  again  treated  as  above 
with  0,5  liter  of  cone,  hydrochloric  acid,  taken  up  In  on®  liter  of 
water,  suction-filtered,  and  washed  with  0.5  liter  of  hot,  dUute 
hydrochloric  acid.  The  residue  (iSlOa  impurities  not  attached 
hy  hydrochloric  acid)  Is  discarded;  It  contains  only  about  0,6%  of 
the  rare  earths  present  in  the  starting  material. 


B)  PRECIPITATION  WITH  OXAUC  ACID 

The  combined  filtrates  from  (A)  are  diluted  with  water  to  twice 
their  volume  and  heated  tc  60 'C;  a thin  stream  of  a hot  solution  of 
1400-1500  g.  of  oxalic  acid  dlhydrate  in  two  liters  of  water  Is  then 
added  with  stirring.  The  mixture  is  kept  warm  overnl^  in  a cov^ 
ered  container ; the  precipitate  is  suctlon-llltered  while  still  warm 
and  washed  with  warm  water.  This  yields  about  95%  of  the 
earths  initially  present*  Large  quantities  of  rare  earth  (ucalate® 
are  best  converted  to  other  compounds  by  oaicinlng  in  a stre^  of 
air  at  600-700*0.  The  material  is  spread  In  a thin  layer  in  a large 
crucible  furnace  and  heated  untU  the  transient  gray  color 
appears  again.  The  oxides  can  then  be  readBy  dtesolv^  in  apid^ 
They  contain  no  more  than  about  0.1%  FCaOs  and  0.15%  SiO®. 


im 
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O MKCtPITATlON  ffETH 

Tte  IMO  oonceotrates  In  th*  filtrate  of  the  oxalate  precipitation 

l^t  It  constitutes  more  than  60%  of  the  total  metals  present*  To 
seMTAte  the  Be  and  the  rareearths,  the  latter  are  precipitated  vlth 
KH*  as  the  liiydr oxides  (after  transient  reduction  of  the  Iron  to  the 
dltaleitt  state).  The  filtrate  of  operation  (B)  {two  liters)  la 
hited  with  six  liters  of  water  in  a lO-llter  flask*  The  flask  is 
pro  Tided  with  a dropping  funneli  as  well  as  gas  Inlet  and  outlet 
tutes;  the  gas  Iniet  tube  reaches  to  the  bottom  of  the  flask  and  the 
ootlet  terminates  at  the  neck*  The  solution  ia  heated  to  60*C  and 
the  neceseaj^  amount  of  KM11O4  [determined  by  testing  a very 
dilute  sample  of  the  solution  with  Mn  (II) J Is  added  with  efficient 
piWng  to  oxldlie  the  oxalic  acid.  The  highest  possible  concentra^ 
tlou  of  KMnO^  should  be  used*  Then  500^700  g-  of  solid  NH4C1  Is 
added  and  the  mixture  Is  brought  to  a boll  while  SOa  is  passed 
UurouglL  The  solution  Is  maintained  at  the  boiling  point  for  an  ad- 
ditional 30  minutes,  a slow  stream  of  SOa  being  bubbled  through 
all  the  time.  The  flame  is  then  removed,  the  SO  3 is  replaced  by  a 
stream  of  Ha,  and  cone*  carbonate-free  ammonia  Is  added  until  no 
further  precipitation  occurs*  The  precipitate  shoidd  be  pure  white* 
A brownish  color  indicates  incomplete  reduction  of  the  Fe;  a 
greenish  tinge  [impure  Fe(OH)3]  indicates  that  the  amount  of  NH4CI 
added  was  insufflclent.  In  either  case,  the  addition  of  anunonla  Is 
discontinued,  the  precipitate  already  formed  is  redla solved  in 
hydrochloric  acid,  and  the  procedural  fault  Is  corrected*  H the 
precipitate  assumes  a greenish  color  only  toward  the  end  of  the 
<^ration,  this  Is  m indication  that  Fe{OH)3  has  begun  to  deposit 
because  an  excess  of  NR^  Is  pr^ent  in  solution. 

After  completion  of  the  precipitation  the  mixture  is  allowed  to 
cool  to  45 *C,  and  a freshly  prepared  solution  of  70  g,  of  in 

500  ml  of  water  and  30  mL  of  dilute  ammonia  is  ajdded  with  ef- 
floient  mixing*  The  passage  of  H 3 is  discontinued  and  the  precipitate 
ifl  suction-filtered  and  washed  with  a warm  (maximum  45  *C)  solU’- 
tlofi  of  10  g*  of  Na^S^O^  and  30  g.  of  NR4CI  in  one  liter  of  water, 
followed  by  one  liter  of  pure  water.  The  filtrate  and  wash  water 
are  discarded.  The  rare  earths  which  have  remained  In  solution 
after  the  oxalate  precipitation,  as  well  as  the  Be,  are  thus  quan- 
titatively preo^ltated*  A solution  In  which  the  weight  ratio 
BeOiLugO^iFe^Og  ^ 1:0, 2:1- 6 yields  a precipitate  in  which  this 
raWo  is  1:0.2:0*05-0-03. 

W ^PARATfON  AND  RECOVEfiY  OF  THE  Be 

The  motet  SqrdToxlde  precipitate  is  dissolved  In  the  minimum. 
^ warm  glactal  acetic  acid  and  evaporated  to  complete 
djjruLM  OD  a sand  bath*  Basic  beryUluin  acetate  Be-iO(CH3COO)s 
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la  distilled  from  the  residue  at  atmospheric  pressure  (m.p*  2B4^C| 
b-p*  330®Ci  cf^  the  procedure  for  the  preparation  of  basic  berylliunt 
acetate^  p+  301).  The  residue  from  this  Be  separattoa  may  be 
purified  by  another  gadolinlte  extraction. 


REFERENCE L 


W, ^Fischer.  Z.  anorg.  allg*  Chem*  72  (1942). 


Pure  to,  Pr  end  Nd  Compounds  from  Cerium  Earths 
by  Ion  Exchange 


Hare  earth  mixtures  are  efficiently  separated  by  elution  of 
complexes.  Among  the  complexlng  agents  which  are  usable  as 
eluents*  these  which  act  aa  chelating  agents  possess  signtfleant 
advantages  ^ A two- column  process  Is  usually  employed:  the  first 
column  Is  charged  with  the  rare  earth  mixture  and  the  second 
column  with  a suitable  auxiliary  cation*  If  the  chelating  agent 
used  is  readily  soluble  in  water  (for  example » ethanoiamine 
diacetic  acid)  the  material  in  the  second  (or  bottom)  column  may 
be  in  the  H form* 

The  following  process  is  suitable  for  rapid  laboratory* scale 
separation  of  cerium  earths:  the  cerium  is  removedfrom  the  mix- 
ture by  precipitation  with  KMnO*  and  NagCOs  (see below,  prepara- 
tion of  pure  Ce  compounds).  The  remaining  compounds  are  adsorbed 
on  250  mL  of  a cation  exchange  resin  (Dewex  SO  or  Wofatlt  KPS* 
300;  particle  si^e  0. 2-0*4  mm*}*  The  resin  Is  then  placed  in  an 
ion-exchange  column  (I.D*  4 cm*)  which  is  partly  filled  with  water* 
A second  column  of  the  same  I-I>-  Is  filled  In  the  same  manner 


with  350  ml-  of  the  resin  in  the  Zn  form* 

The  eluent  flews  successively  through  the  two  columns:  It  con- 
tains 2%  of  nitrllotriacetio  acid  and  is  buffered  with  NH^  to  a pH  of 
7*0.  If  the  eluate  flow  rate  Is  not  less  than  0-6  ml.  per  minute, 
there  is  no  danger  of  formation  of  precipitates  inside  the  columns* 
The  eluate  is  collected  in  fractions:  the  lanthanides  appear  In 
the  ortier  of  increasing  ionic  radius.  The  La,  which  remal^ 
columns  after  elution  of  the  heavier  earths,  may  itself  be  rapid^ 
eluted  with  a solution  containing  4%  nitrilotriecetic  acid  ajia 

fractions  are  brou^t  to  a boU 
nrecloiUted  with  oxalle  acid.  Tbe  mixtures  are  allowed  ™ 
for  20  minutes  at  80  *C  and  filtered  hot, 
to  the  oxides.  The  firat  fractions,  which 
quatdlties  of  Zn,  are  repreoipitated. 

triaoetic  acid  used  In  the  process  can  be  recovered  ftom  the 
by  precipitation  with  HCl^  , ■ ^ 
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stftlilu  iKJm  6S  g.  of  the  mixAd  oxide  (14.r%  La^Oa,  23.6% 
3WTUBS  SmnOa,  2,4%  heavier  earths),  this 

ffa^8,3  g.  of  LSsOa  (yield  90%,  purity  > 99.6%),  10.3  g. 
of  PraOn  (yield  70%,  purity  > 99%)  wid  30  g.  of  NdaOa  (yield 
sm  ta  In  50  houxs  of  elution* 

i?also  applicable  to  the  jdtrium  e^ths,  although 
in  this  case  it  rectuires  more  preliminary  effort  and  takes 

aEFER£^[CE&: 

L-  Wolf  and  J,  Massonne*  Cbem*  Techn,  390  (1958);  L-  Wolf 
^ J.  MassonM,  J.  Pfkt.  Cl«m.  (4)  275, 178  (1966),  U Hoi- 
lecfc  and  L.  Hartinger,  Angew.  Chera.  586  (1954),^,  411 
(1956);  F.  H.  Spedding  and  J.  E.  Powell  in:  F.  C.  Nachod  and 
J.  Schuber,  loti  Exchai^e  Technology,  New  York,  1956,  p. 
365;  J.  Loriers  and  3.  Quesney,  Comptes  Bendus  He  tad.  Seances 
Acad.  Sci.  239.  1643  (1954);  J.  Loriers.  Ibid.  2«,  1537  (1955), 


Pure  Cerium  Compounds 

],  PREClPITATiON  WITH  NajCO.i  AND  KMJ1O4 

A nitric  acid  solution  of  250  g.  of  cerium  earths,  which  should 
c<»slst  only  of  nitrates,  is  diluted  to  one  liter  and  brought  to  a 
boil,  and  the  pH  is  adjusted  to  2-3  with  aqueous  KaaCOg.  This  al- 
ready precipitates  some  of  the  cerium  in  the  form  of  Ce  (IV)  hy- 
droxide. A solution  of  KM11O4  is  then  added  unill  the  red  color 
persists,  the  mixture  is  reheated  to  the  boiling  point,  and  the  cerium 
is  precipitated  by  adding  (with  constant  stirring)  a solution  of  KMnO« 
and  NagCOg  (mole  ratio  1:4).  The  pH  gradually  reaches  4 and  the 
red  color  becomes  more  intense;  stirring  at  the  boiling  point  is  then 
continued  for  an  additional  10  minutes  and  the  precipitate  is  suction- 
filtered  and  washed  with  hot  water.  The  filtrate  contains  minute 
amounts  of  cerium,  in  addition  to  the  other  rare  earths.  If  it  is 
desired  to  tsolate  the  last  traces  of  Ce,  the  pH  of  the  boiling  fil- 
trate is  adjusted  to  5-6  with  aqueous  NaaCOs.  The  resultant 
precipitate  consists  of  carbonates  containing  all  the  Ce  present. 

The  cerium  is  Isolated  from  the  residues  [which  consist  of 
Ce  (IV)  and  Mn  (IV)  hydroxides]  by  solution  of  the  residues  in  cone, 
hydrochloric  acid  and  precipitation  in.  the  form  of  the  oxalate.  The 
predpUale  is  calcined  to  CeOa  (96%  yield.  99.5%  pure). 

a.  PBECD^ATION  WITH  CaCOj  AND  KBrOj 

The  ibllowlng  procedure  la  suitable  for  a raw  material  mixture 
lining  40-50%  CeOg:  a nitric  acid  solution  containing  aboid 
41M  g.  of  the  rare  earth  oxides  (total  of  12  liters)  Is  divided  in 
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thr  ee  portions,  Tbe  soluttons  are  heated  in  procelala  dl^bca 

and  adjust^  to  PH  2.7  by  addingCaCO,  {meohanloJ stUrlng).  Then 
100  g.  of  KBrOa  ta  added  and  the  Bolutlons  are  coooentratod  to  one 
liter  (see  note  below).  This  procedure  Is  repeated  several  to 

achieve  complete  oxidation  end  hydrolysis.  If  bromine  vwor 
escapes  during  the  evaporation,  file  pH  Is  readjusted  to  2.7  l^y 
addii^  further  CaCOa.  The  mixtures  are  then  diluted  to  five  liters, 
heated  almost  to  the  boiling  point,  and  allowed  to  settle  overd^it. 

The  supernatant  liquors  are  decanted,  combined  and,  after 
addition  of  60  g.  of  KBrOa,  ev^orated  to  2-3  liters.  The  mlxtvire 
Is  then  dili^d  to  eight  liters,  brought  to  a boll,  and  again  decanted. 

The  combined  precipitates  are  boiled  In  six  liters  of  water,  tbe 
supernatant  liquor  is  decanted,  and  the  precipitate  Is  suction- 
filtered.  throu^  a Buchner  funnel.  The  mother  liquor  Is  oomMned 
with  the  solution  containing  the  other  rare  earths. 

Other  cerium  compounds,  for  example,  the  basic  nitrates,  may 
be  purified  and  converted  to  the  oxides  byhoUlng  50  g,  of  fite  moist 
starting  material  with  200  ml.  of  3N  NasCOg  solution.  The  basic 
carbonate  Is  filtered  off  and  washed  with  50  ml.  of  water.  The 
product  is  dissolved  In  16  N HNOa  containing  3%  K^a. 

This  method  gives  33.8%  pure  CeOa  In  97.8%  yield. 


NOTK: 

The  Ce  (HT)  seems  to  oxidize  during  the  evaporation  In  the  hot 
cone,  solution,  while  the  hydrolysis  of  the  resultant  Ce  (IV)  takes 
place  in  the  hot  dilute  solution. 

ill.  KTHER  EXTRACTION  OF  Ce  CJV)  NITRATE 

Very  pure  CeOa  may  be  prepared  from  the  oommerctal  raw 
material  by  the  following  combined  procedure;  ten  parte  of  orude 
oxide  and  seven  parts  of  hydroqulnone  (reducing  agent)  are  dis- 
solved In  bolUng  cone,  hydrochloric  acid.  The  hydroquinene 
oxidation  products  are  destroyed  by  oxidative  degradation  with 
HsOa  in  ammoniacal  solution,  followed  by  evaporation  with  oo^,, 
nitric  acid.  Since  It  is  accompanied  by  foaming,  this  operation 
must  be  carried  out  in  a large  vessel,  if  necessary  tee 
also  be  freed  of  organic  contaminants  by  precipitation  wlte 
acid,  followed  by  solution  of  the  precipitate  to 

K the  starting  material  also  contains  thorium,  ^ oxalate  te 
boiled  with  a concentrated,  neutral  to  slightly 
Of  ammonium  oxalate;  the  precipitate  te 

thorouffhlv  washed.  Repetition  of  this  operation  yields  a solution  of 
OaI*  whbte  contains  all  the  thoriian  initially  paresor^ 
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fM«t*  *s  the  Initial  CeOa)  and  evaporated  several  tlmea 

wMkCOtkO.  HNO3  until  orange-red  (NH*}aCe(N03)«  begins  to 
metettato  tcota.  the  deep  red  solution.  The  precipitate  Is  filtered 
eff  » tritled  glass  filter  (additional  double  nitrate  may  be  re- 
eowred  from  the  filtrate  by  further  evaporation).  The  product  la 
reerystalliaed  from  cone,  nitric  acid,  dissolved  in  6N  nitric  acid 
(free  of  eltrlc  oxide),  and  extracted  with  peroxide-free  ether 
(attPic  oxides  and  peroxides  reduce  Ce*+).  The  residual  material 
in  the  aqueous  solutions  should  be  reoxldlzed  by  evaporation  with 
nitric  acid  and  extracted  with  ether,  since  the  solutions  still 
contain  appreciable  quantities  of  Ce^'*'- 

The  combined  ether  extracts  are  distilled,  water  being  added 
distillation.  The  cerium  nitrate  may  be  reprecipitated  with 
wster  containing  a hydrazine  salt,  which  serves  as  a reducing 
agent. 

The  resultant  cerium  nitrate  solution,  which  is  about  2N  In 
HNO3,  is  filtered  and  slowly  added  in  drops  to  a hot,  concentrated 
solution  of  oxalic  acid-  The  finely  crystalline  precipitate  of  cerium 
oxalate  is  suction-filtered,  washed  with  a large  quantity  of  water, 
dried  and  calcined  to  the  oxide. 

The  oxide  may  also  be  obtained  by  evaporation  of  the  nitrate 
solution,  followed  by  thermal  decomposition  of  the  cerium  nitrate, 
PreparatiOD  of  cerium  oompounds  of  especially  high  purity  (for 
neutron  bombardment);  Peppa^  et  al.  recommend  extraction  of 
the  Ce  (IV)  from  a lOM  HNOa  solution  with  a 0.75M  or  0,30M  solu- 
tion of  bis  (2-ethyl)  hexyl  orthophosphate  in  n-heptane  ID,  F.  Pep- 
pard,  G,  W.  Mason  and  S.  W.  Moline,  J,  Inorg-  Nuclear  Chem,  5, 
141  (1957)]. 

PROPEItTIES: 

Cerium  (IV)  oxide  is  white  with  a slight  yellow  tinge;  the  color 
is  a function  of  particle  size.  Even  slight  contamination  with 
Pr  Or  Tb  (0,005%)  produces  a distinct  pink  color;  higher  amounts 
cause  a red-brown  color.  The  calcined  material  is  soluble  In 
acids  only  In  the  presence  of  reducing  agents,  d (x-ray)  7.172, 
Crystal  structure:  type  Cl  (CaF®  type), 

aEFEBCNCES; 

L E.  J.  Roberts.  2.  anorg.  allg.  Chem.  71,  305  (1911);  J.  Mas- 
sODoe.  Private  oommunlcation, 

n,  D.  W,  Pearce,  J.  C.  Butler,  W.  C.  Johnson  and  W.  O.  Hass  in; 
p*  F«™elius,  Inorg,  Syntheses,  Vol.  B,  New  York-London, 
W9,  p.  4S;  R,  Bock,  Aagaw-  Chem.  ^ 376  (1950). 

^ *****  Hauser.  Die  Analyse  der  seltenen  Erden 

Md  Ertaauren  [Analysis  of  Rare  Earttis  and  Their  Acids], 
uPHCan,  1012,  pp.  75-76;  R.  Bock.  Angew.  Chem.  62,  375 
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(1950^;  Bock  and  E.  Bock.  Z.  anorg,  Cbcm.  146  U96(n| 

And*^f  1-  Br.,  195a;  B.D.  BUustS^ 

and  J.  w,  Gryder.  j.  Amer.  Chem.  Soc,  79,  540  (1907), 


Pure  Samarium  Compounds 

I.  ncuuc'noN  mm  calcwm  amalgam 

2SraCl,  + Ca(Hg)  ‘ aSmCU  + CaCl, 

S15.0  ^OlI  4417 

A solution  of  180'^ 240  g*  of  anh5rdrous  rare  oaxth  cblorldos  in 
600-700  ml,  of  absolute  ethanol  is  placed  In  a thlcfc-wallp  rubber- 
stoppered  separatory  luimeL  After  addition  of  7-10  g-  of  Ca  In  the 
form  of  a 1%  amalgam  {see  p,  1804  for  preparation)  ^ the  separatory 
funnel  Is  stoppered  and  vigorously  sb^en.  Since  this  reduction  to 
Sm  (11}  is  accompanied  by  formation  of  calcium  ethoidde  and  con- 
sequent  evolution  of  Ha,  the  flask  must  be  frequently  vented  by 
opening  the  stopcock  (without,  however*  allowing  air  to  enter). 
The  initially  yellow  solution  soon  becomes  darkt  after  a few  minutes 
the  color  becomes  dark  brown-red  and  precipitation  of  SmCl^ 
begins.  The  Ca  becomes  exhausted  after  20  minutes.  The  funnel  le 
inverted  so  that  it  rests  on  the  rubber  stopper,  a Bunsen  valve  is 
attached  to  the  outlet  tube,  and  the  stopcock  Is  opened.  After  10 
minutes,  the  CaO  present  In  the  mixture  Is  neutralized  hy  adding 
(through  the  funnel  stem)  2-3  ml.  of  RCl-saturated  aidiydrous 
ethanol,  and  the  funnel  Is  vigorously  shaken.  The  precipitate  should 
turn  bright  red-  After  30  minutes  the  Hgis  s^arated  and  the  finely 
crystalline  precipitate  of  SmCla  is  centrifuged  In  the  absence  of 
air.  The  mother  liquor  la  decanted  and  the  precipitate  is  freed  of 
the  adhering  solution  by  shaking  with  air-free  absolute  etbanolf 

followed  by  centrifugation-  i ±±  ^ 

Further  purification  is  achieved  by  taking  up  the  precipitate  m 
water,  In  which  it  oxidized  to  Sm  (HI)  and  forms  the  basic  oMo^ 
ride.  Dilute  hydrochloric  acid  Is  added  and  the  mixture  is  heated 
on  a water  bath  until  the  mercury  left  in  the  SmCU  has  aggl^- 
eiated  and  can  be  filtered  off.  The  yellow  3 oluUon  is 

while  cooling  in  ice.  The  precipitated  betah^ate  ^ 
and  again  reduced.  The  SmCla  obtained  after  this  last  purificatloa 
procedure  contains  only  a few  perwnt  of  Eu.  - 
The  Eu  may  be  removed  by  electrolysis  of  “ 
solution  of  the  Sm-Eu  mixture  in  the  presence  of  lithium 
mercury  cathode  is  used.  Onstott,  starting  fcem  ® ^ 
0«.tSS«  i.«%  EU.O,, «.  .»1«  to  "“•to»a  • pwp>«*to. 
free  of  Eu  In  one  electrolysis  tw* 


K,  WETZEL 


mM 

iimici’iaN  M(t  + u<:i 

AMttm  process  suitable  for  the  separation  of  Sfti  frorn  rare 
MHh  mixtures  consists  in  reducing  the  samarlumt  In  the  form  of 
liydnlod  chlorides  In  ethanol  or  ethacol-dloxanep  by  means  of 
Mg  + HCl-  A mixture  containing  3%  Sm  can  be  concentrated  to  &S% 
Sm  In  a simple  rmu 

BE  FE  FENCES: 

I,  A*  Brukl.  Angew-  Chem*  52,  161  (1939);  E*  J,  OnStotL  J*  Amer* 
Chem-  Soc*  77p  2199  (1956), 

D,  A*  F.  Clifford  and  H-  C*  Beachell,  J,  Amer,  Chem*  Soc,  70, 
3730  (1948). 


Pure  Europium  Compounds 


L E*a.  2H.O 

A none,  solution  (d  1*35,  100  ml.)  of  rare  earth  chlorides  con- 
taining about  70%  Eu  (balance  Nd,  Sm  and  Gd)  Is  placed  together 
with  a few  milliliters  of  cone,  hydrochloric  acid  in  a one- liter 
wide-neck  flask.  Zinc  amalgam  granules  (ICO  g,,  U.  S,  standard 
mesh  80)  are  added  * and  the  flask  is  stoppered  and  vigorously 
shaken  hy  hand*  From  time  to  time  it  is  held  In  front  of  the  slit  of 
a spectrometer  to  observe  the  absorption  bands*  The  initially  al- 
most colorless  solution  turns  yellowish;  after  about  30^40  minutes 
the  Eu  5253  A band  disappears,  indicating  oomplote  reduction  to 
Eu  (HJ^.  The  solution  Is  decanted  from  the  remaining  Zn  while  pro- 
tected fey  a CO2  blanket  and  poured  into  a second  one-liter  flask; 
the  flask  is  closed  with  a two^hole  stopper  carrying  a 250-mL 
drof^iog  funnel  and  a gas  outlet  capillary*  Crystallisation  of 
EuCl^  ♦ 2 HaO  starts  after  addition  of  the  first  200  ml+  of  cone* 
tqrtrochlorlc  acid;  It  reaches  a maxlmmn  rate  after  500  ml.  has 
b«n  added*  This  procedure  precipitates  90%  of  the  Eu  present* 
After  2-3  hours  of  standingt  the  well- cooled  mixture  consists  of 
almost  equal  volumes  of  pure  white  crystals  with  a faintly  blue 
fluorsdcence  and  an  essentially  colorless  mother  liquor* 

The  air-sensitive  crystals  are  filtered  under  COa  through  a 
coCtOb  wool  filter  and  auction-dried  as  far  as  possible*  If  oxida- 
tion doen  occur,  the  filter  cake  becomes  hot  and  evolves  HCl  gas- 
The  Eu  may  be  furtber  purified  by  redissolving  the  product  chloride 
™der  CO2-  The  (^ration  should  be  repeated  five  times.  Finally 

product  Is  fUteted  through  a fritted  glass  filter  (under  a COa 
ud  washed  with  10%  methanollc  HCi.  The  alcohol  and  the 
■Cl  cso  then  be  removed  slight  heating  in  a fast  CO3  stream* 


H37 


3tU 
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Anot^r  method  for  removal  of  tracee  of  other  eartha  meAent 
in  crude  europium  consists  to  reduction  of  the  eurpplS^S 
Zn  ^alg^  in  HCl  solution.  Then  the  trlvalentTaX™ 
precipitated  with  carbonate-free  ammonia.  The  Eu  (m  remains 
in  solution*  ' * 


H.  EiiSOi 


2£«CIt  + Zn  = aSuCl,  + ZnCl, 

516.7  es.4  445.8  V36S 

EuCl,  + H,SO,  = EuSO<  + BHCJ 

222.&  72,9 

A solution  of  3.5  g of  EuaOa  in  5-4  ml  of  6N  HCl  is  diluted  to 
about  300  ml.  A Jones  reductor  {height  40  cm.,  diameter  2 cm.)  to 
filled  with  1%  Zn  amalgam  granules  (0,5-1  mm.),  which  are  then 
washed  with  200  ml.  of  O.lN  HCl,  When  the  wash  U(juor  just  covers 
the  sine,  the  outlet  of  the  redactor  is  dipped  in  50  mL  of  BM  HaSO* 
in  a 600-ml.  beaker  covered  with  a round  piece  of  paper.  Carbon 
dioxide  Is  then  introduced  into  the  ijeaker  to  ejqpel  the  air.  The 
Ends  is  passed  slowly  (2  ml,/min.)  through  the  reductor,  followed 
by  150  ml.  of  O.lN  HCl,  Very  light,  white,  hairlike  crystals 
of  0!-BuSO4  are  the  first  product.  This  mixture  to  heated  to 
00 *C  in  a COa  atmosphere,  result ir^  in  conversion  of  the  a-form 
to  the  stable  jO-form,  which  is  less  soluble  In  dilute  H^O«  and 
settles  as  a dense  crystalline  mass.  The  mixture  to  cooled  to 
room  temperature,  and  the  white  EuSO^  to  filtered  and  washed 
with  dilute  hydrochloric  acid,  followed  by  a few  milliliters  of 
HCl-acldlfied  methanol.  The  CO^  blanket  to  not  necessary  during 
the  filtration.  The  product  may  be  dried  in  air  at  75  "C,  The  yield 
is  S0%  of  99.7%  EUSO4. 

PflOPERTIESj 

White,  microcrystalllne,  Sparh^ty  soluble  In  water;  d (25 *C) 
4,90.  toomoipbous  with  SrJSO^  and  BaS04* 

In*  EaCOfl 


EuSO,  + Na,COi  = EuCOj  + NaiSO, 

Mfl.l  108.0  2J2.0  M2-1  ' ’ 

First,  5 g.  ofEuS04  is  gradually  added  to  300  ml.  of  a vigorously 
boilii^,  oj^gen— free  solution  which  is  SH  to  NosCOa  and  0.4N  to 
NaOH  (12.6  g.  of  NaHCOs  and  10.8  g.  of  NaOK).  After  a short  time, 
th©  solution  turns  dfljrk;  th®  color  disappoftrs  on  furthiO^  IxnHio^i 
and  a dense,  lemon  yellow,  crystalline  precipitate  of  EuCOs 


liW 


K,  WETIEL, 


fMiM(L  TWs  prtClpltste  Is  filtered  and  dried  In  air  at  75 *C,  An 
alHMSt  100%  pure  product  Is  obtained  In  90%  yield. 

Wten  larger  quanUties  of  EuCOs  are  needed,  the  first  fraction 
of  the  euUhte  Ions  liberated  in  this  reaction  is  removed  by  decanta- 
tion aod  further  Na,CO»-NaOH  solution  Is  added  to  the  residue. 


KgpERENCrS; 

L H.  N.  McCoy.  J.  Amer.  Chem,  Soc.  1756  (1935J;  1131 

(1937):  63,  3422  (1941):  J.  K.  Marsh,  J,  Chem.  Soc,  (London) 
1943,  S31:  G.  Wilkinson  and  H.  G.  Hicks,  phys.  Rev.  75, 
1370  (1949). 

n.  B.  A.  Cooley,  D.  M.  Yost  and  H.  W.  Stone  In:  W.  C,  Fernelius, 
loorg.  Syntheses,  Vol.  II,  New  York-London;  1946,  p.  70;  H.  N. 
McCoy.  J.  Amer.  Chem.  SoC.  57,  1756  (1935). 
m.  R.  A.  Cooley,  D.  M.  Yost  and  R.  W.  Stone  in:  W.  C.  Fernelius, 
biorg.  Syntheses,  Vol.  II,  New  York-London,  1946,  p.  71, 


Pure  Ytterbium  Compounds 

I.  ISOLATION  OF  YTTERBIUM  FROM  YTTERBIUM  EARTHS 
IN  THE  FORM  OF  YbS04 

Reduction  of  YbgfSO+Ja  on  a mercury  cathode  yields  YbSOi. 
The  method  is  particularly  suitable  for  the  preparation  of  pure 
Yb  from  ytterbium  earth  mixtures. 

The  crude  o:cide,  which  must  be  free  of  foreign  metals  [which 
decrease  the  overvoltage  necessary  for  the  reduction  of  yb  (III) 
because  they  tend  to  form  amalgams] , is  converted  to  the  sulfate 
by  evaporation  with  The  electrolyte  should  contain  130  g, 

of  sulfate  and  56  g.  of  cone.  per  liter.  The  electrolysis 

is  carried  out  in  a thick-wall  beaker  b (Fig.  335)  with  its  bottom 
covered  with  a 1-cm,  layer  of  very  pure  mercury,  A nickel 
bus  bar  k connects  the  mercury  pool  to  the  negative  aide  of 
the  power  supply,  A carbon  rod  a,  partially  inimereed  la  a clay 
cell  c filled  with  dilute  H^SOa,  serves  aa  the  anode.  A stirrer  f, 
which  agitates  both  the  mercury  surface  and  the  electrolyte,  pre- 
vents the  formation  of  a dense  precipitate  on  the  cathode  and  thus 
makes  possible  the  preparation  of  larger  quantities  of  YhSO*.  The 
electrolyte  temperature  is  maintainedat  20 *C  by  external  cooling 
with  running  water. 

^The  electrolysis  is  carried  out  at  72  volts  and  a current 
dMlty  of  0.05  amp./cm?  (about  4-4.5  amp.  if  the  beaker  is 
^ ***•  ^ diameter).  At  higher  current  densities  the  formation  of 
of  YtS04  Is  so  rapid  that  they  occlude  considerable 
(puifriilita  of  Impurity  ions  (Tm,  Lu,  etc.)  After  a few  minutes  the 
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solution  turns  green,  men  the  cathode  becomefl  «rf*h 

a loose  ourrent  efaclency  be- 

comes very  low  and  the  electrolysis  Is  stopped.  Under  thSOTiidi- 
tions  described,  the  process  requires  2-3  hours 
The  precipitate  ia  collected 
□n  a Buchner  funnel  and  washed 
with  water,  and  the  residual  water 
is  rapidly  removed  by  auction. 

Speed  is  necessary  because  the 
oxidation  of  YbSO*  is  accom- 
panied by  a marked  temperature 
increase,  which  could  causa  de- 
composition of  theproductTbSO-t 
for  Yb3(S04)3l* 

The  precipitate  Is  dissolved 
in  dilute  nitric  acid,  neutralized 


with  ammonia p and  reprecipitated 
with  oxalic  acid*  The  oxide  ob- 
tained upon  calcination  of  the  oxa- 
late  still  contains  traces  of  the 
sulfate. 


Fig-  285*  Electrolytic  prepa- 
ration of  ytterbium  (H)  etdfate* 
a carbon  rod,  b beaker,  c 
clay  Cell- 


Additional  quantities  of  YtaSO^ 

may  be  recovered  from  tbe  spent  electrolyte  by  InolusJon  In  the 
laomorphous  SrSO^-  If  this  is  desired,  then  the  electrolyte  ebouM 
contain  only  0-5%  H^SO**  The  Sr SO4  solution  IB  prepared  very 
rapid  neutralization  of  3 g*  of  Sr  CO  3 with  the  atolchlometrlo 
quantity  of  dilute  HsS04-  This  solution  Is  added  one  hour  after  the 
start  of  the  electrolysis.  The  added  solution  contains  slowly 
crystallizing  SrSO^.  The  addition  Is  repeated  twice  at  Intervale  o£ 
one  hour*  After  4-5  hours  tbe  precipitate,  which  contains  SrSO* 
and  YbS04  In  a ratio  of  about  10;1,  is  fUtered  off  and  washed.  The 
YbS04  is  protected  against  oxidation  to  Yb  (HI)  by  incluBien  in 
the  SrSO*  lattice*  On  calcination  In  air,  YbS04  ^ converted  to 
YbgOa  and  may  be  separated  fromtheSrSOihy  digestion  with  cone* 
hydrochloric  acid  on  a water  bath-  Some  additional  SrSOi  may  be 
precipitated  from  this  HCl  solution  by  adding  dilute  sulfuric  acid 
and  allowing  the  solution  to  stand  12  hours*  After  removal  of  tbe 
SrS04,  the  Yb  ia  precipitated  with  oxalic  acid  in  the  usual  manner* 

The  electrolytic  separation  of  Yb  is  accompanied  by  concentra- 
tion of  Tm  and  Lu  In  the  residual  eolutlom  . 

Europium  and  samarium  may  be  separated  EUSO4 

and  SmSO^)  from  the  other  rare  earth  metals  by  the  same 
method. 


PROPEBrmSi 

Formula  wel^t  269.11-  Green  ^ 

water  to  Yb®  + (evolution  of  Ka>*  Solubiitty  to  dilute  aulfiiri  ao  . 
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Il4ft 

4 YhSO^ter  of  1%  H,SO*  (0.4N);  B g.  YbSOi/Hter  of  5%  H,SO* 

of  12.5%  H,SO*  (2.5N).  Isomorphoua  wtth 

S1SO4. 

It  IH'BiHt’  Xl'lO^  Ol"'  X'b  tSm,  Ku}  VIA  AN  AMALGAM  PROCESS 

Yb>  3Nrt(H^!)  = YbfHg)  + 3Na^ 


The  procedure  Is  suited  both  for  efficient  purification  of  a 
cottcentraied  ytterbium  solution  {method  a below)  and  for  isola- 
tion  of  Yb  from  a mixture  of  neighboring  rare  earths,  aa  well  as 

fpeeme  the  latter  from  Vb  (method  fr).  , 

a)  A product  containing  about  97%  YbsOji  (balance  is  ytterbium 
earths),  which  may  be  prepared  via  YbSOa  by  the  method  described 
under  I.  is  dissolved  in  acetic  acid  on  a water  bath  and  evaporated 
until  crystallization.  A solution  of  107  g.  of  ytterbium  acetate 
to  133  ml.  of  boiling  water  is  prepared  in  a one-llter  flask.  The 
hot  solution  Is  vigorously  shaken  for  two  minutes  with  250  ml.  of 
0.5%  sodium  amalgam  (125%  of  the  theoretical  Na).  During  the  re- 
acUon  3 ml.  of  acetic  acid  is  added  to  prevent  the  formation  of 
l^droxlde  (formation  of  NaOH  by  partial  decomposition  of  the 
sodium  amalgam).  It  Is  best  not  to  shake  the  mixture  until  the  Na 
is  fully  spent,  since  shaking  may  cause  the  Yb  to  partially  redis- 
solve  in  the  form  of  Yb  (H)  Ions  (green  color  of  the  aqueous  layer). 
In  addition,  the  Yb  content  of  the  amalgam  should  not  exceed  1%  to 
avoid  solidification.  The  amalgam  is  separated  from  the  solution 
ai>d  water-washed  twice  to  remove  the  acetate.  It  is  then  treated 
with  sufficient  dilute  hydrochloric  acid  to  neutralize  the  residual 
Na.  quantities  of  Yb  which  go  into  solution  during  this  step 

are  precipitated  with  NaOH.  The  amalgam  is  then  shaken  with 
excess  hydrochloric  acid  until  calomel  starts  to  form.  The  Yb(OH)3 
precipitate  Is  added  to  the  HCl  solution  and  the  mixture  is  evapo- 
rated to  a slrt^.  The  precipitating  NaCl  is  filtered  off.  The  filtrate 
is  calcined.  Spectroscopically  pure  YtagOa  is  obtained  in  a yield 
exceeding  90%. 

The  acetate  solution  remaining  from  the  first  extraction  may  be 
allowed  to  react,  after  addition  of  3 ml.  of  acetic  acid,  with  an  ad- 
ditional 83  ml.  of  sodium  amalgam.  The  resultant  ytterbium  Eunal- 
gam  is  worked  up  as  above.  The  mother  liquor  is  converted  to 
the  liydroxide  and  may  be  reextracted  after  dissolving  in  acetic 
acid. 

hj  If  Complete  extraction  of  Yb  from  a mixture  of  ytterbiiaa 
earths  Is  desired,  the  solution  must  be  shaken  up  to  20  times  with 
sodium  amalgam  and  the  aqueous  layer  repeatedly  freed  of 
the  sodium  acetate  formed,  since  high  concentrations  of  the  latter 
Wertere  adth  the  reaction.  Using  this  method,  Marsh  was  able  to 
xoAioe  the  Yb  oootent  of  a Lu  preparation  to  0.0033%. 
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Pure  compounds  of  Sm  and  Eu  may  be  prepared  tgr  a liaBlCBlly 
similar  method.  The  preferential  formation  of  Sm,  £u  and  Yb 
amalgams  is  due  to  the  fact  that  metallic  £u  and  yb  always  form 
divalent  Ions , while  Sm  does  so  partially. 

RE  PEIt£NO£S; 

L A.  Brukl.  Angew.  Chem,  50,  26  <1S37};  159  (1S36);  W. 

Kapfenberger-  Z.  anal.  Chem.  105,  199  (1936);  J.  K»  Marsh. 

J.  Chem,  Soc,  (London)  1937,  1367. 

IL  3.  It.  Marsh,  Chem,  Soc.  (London)  1942,  393,  623;  19^^,  3. 

531;  T.  Moeller  and  K.  E,  Kremers.  Ind,  Eng,  Chem.,  AnaL 

Edit.  VI,  798  (1945), 


Metollic  ftare  Earths 

[.  REDUCTION  OF  THE  CHLORIDES  WITH  METALS 
LANTHANUM  METAL,  POWDER 

LaCl,  + 3K  = La  + 3KC1 

34SJi  117.3  138.0  023.7 

The  Vycor  (or  similar  glass)  apparatus  shown  la  Fig.  286  la 
dried  by  fanning  with  a flame  under  high  vacuum.  A vacuum  pump 
Is  connected  at  c and  ■ are  closed  off  with  rubber  stoppers. 
The  apparatus  is  filled  with  pure,  dry  nitrogen  or  argan,  and  a 
small  tube  containing  distilled  potassium  is  placed  in  tube  bj  the 
neck  of  the  potassium  ampoule  is  broken  immediately  prior  to  use. 
Anhydrous  rare  earth  chloride  is  introduced  Into  n through  tube  t 
(air  must  be  excluded  during  this  operation)  and  tube  r is  Imme- 
diataly  closed  off  again.  The  apparatus  is  melt-sealed  at  c and  i, 
anri  evacuated  through  d to  a high  vacuum.  Capillary  f is  heated 
and  bent  downward  (to  position  h')  and  the  potassium  is  slowly 
distilled  from  b'  into  g.  This  second  distillation  removes  the  pos- 
sibility of  traces  of  potassium  oxide  coming  Into  contact  with  the 
ohloride.  The  apparatus  la  then  melt-sealed  at  / and  e,  a small 
portion  of  the  potassium  Is  distilled  into  constriction  A,  and  the 
tube  («-g)  is  heated  to  220-360*0  In  an  electric  furnace.  Part  of 
the  rare  earth  chloride  is  reduced  after  a short  time;  an  addlttonal 
fraction  of  the  potassium  Is  then  distilled  Into  h,  and  tiifi  tube  Js 
reheated  in  the  furnace.  This  stepwise  reduction  is  continued  until 
most  of  the  rare  earth  chloride  has  been  converted  to  tlm  metal. 
Only  then  is  the  remaining  potass  Ixun  distilled  by  turning 
the  tube  upside  down  and  placing  almost  the  entire  apparatus  (f-«) 
in  the  furnace.  The  potassium  is  then  immediately  dls  tilled 
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Fig*  2B6,  Preparation  of  metallic  rare  eaTths 

by  reduction  of  th$  chloride  with  metallic  po~ 
tassium.  cf  rare  earth  chloride;  h,  b metallic 
potassium;  r filling  tube  for  the  rare  earth 
chloride:  (J  connection  to  vacuum  pump* 

again,  and  the  process  Is  repeated  several  times*  This  stepwise 
reduction  prevents  the  reactants  from  fusing  together,  and  thus 
ensures  completion  of  the  reaction*  Finally  the  tube  is  gradually 
pulled  out  of  the  furnace,  unUl  a potassium  mirror  no  longer  forms 
at  the  unocciq)ied  spots  on  the  tube  between  g and  h.  The  product 
consists  of  a loose  black  powder  which  does  not  adhere  to  the  glass 
walls  of  the  tube- 

After  coollngp  tip  / is  connected  via  a dry  rubber  tube  to  the 
vacuum-Ns  (or  Ar)  system  and  broken  off  under  Na  or  Ar,  The 
alkali  metal  at  g serves  as  a barrier  and  traps  any  traces  of  water 
vapor  which  may  be  introduced.  The  tube  can  now  be  broken  at  /i 
without  endangering  the  product,  and  the  mixture  of  rare  earth 
metal  + 3 alkali  chloride  at  a may  be  poured  into  a transfer  ap- 
paratus through  which  protective  gas  Is  flowing  (for  transfer  ap- 
paratus see  Part  I,  p.  75  ff**  especially  Fig,  54)- 

AU  the  rare  earth  metals,  in  the  form  of  powders  mixed  with 
alkali  chloride,  may  be  prepared  by  this  method.  In  preparing  Sm* 
Eu  or  Yb  metals  (these  elements  form  divalent  compounds), 
a temperature  of  250*C  must  not  be  exceeded,  since  at  higher 
temperatures t the  direction  of  the  reaction  is  reversed  and 
SmCt^^  EuCU  and  YbClg  are  formed* 

CCRlt^  META!.,  SOUD 

2CeCI,  + 3Ca  - 2Ce  4-  3CaCU 
i20.a  280.3 

A crucible  of  sintered  CaO  or  dolomite  is  placed  in  an  Iron  tube 
pmlded  wttli  a welded'^on  bottom  and  a screw  lid,  and  the  space 
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between  the  crucible  and  the  tube  Is  fUled  with  CaO  powder^  Tlito 
precaution  prevents  contact  between  the  reaction  mixture  and  th0 
iron  wall  If  the  crucible  should  break.  Since  the  heat  of  the  reaction 
between  Ca  and  CeCla  is  not  sufficient  for  clean  separation  be-* 
tween  the  metal  Ingot  and  the  slag,  it  Is  necessary  to  add  a third' 
component  which  produces  a highly  exothermic  reaction  with  Ca^ 
e-g-j  U,  S,  KCIO3  or  ZnCla- 

For  a tube  2C  cm,  high  and  2*5  cm,  in  diameter^  suitable 
quantities  of  reactants  are  200  g*  of  CBClst  103  g,  of  U (mole  ratio 
liCeCla  - 0*625:1-0)  and  a 15%  excess  of  very  pure  Ca  powder  (par- 
ticles 0-3-2  mm*)*  The  reactants  are  mixed  under  anhydrous  con- 
dition and  placed  in  the  crucible;  the  iron  cap  is  filled  with  CaO  and 
screwed  on*  The  tube  Is  placed  In  a furnace  heated  to  660-750 "C, 
The  reaction  starts  suddenly  when  the  temperature  inside  the  tube 
reaches  400 "C.  The  yield  of  Ce  metal  is  93%*  The  reaction  may  be 
carried  qut  on  a larger  scale,  but  due  to  smaller  relative  beat 
losses,  only  0,5  mole  of  la  per  mole  of  CeCl^  and  a 10%  excess 
of  Ca  are  needed-  The  use  of  sulfur  or  KCIO3  lowers  the  yield. 
The  resultant  Ce  metal  contains  1-5%  Ca  and  0*1-1%  Mg- 

When  smaller  quantities  of  raw  materials  are  used,  the  reaction 
temperature  must  be  increased*  This  is  done  by  replacing  the  iodine 
with  ZnCls  (3'6%  Zn*  based  on  the  amount  of  Ce)*  The  product  Is 
freed  of  zinc  by  evaporating  it  in  vacuum-  The  yield  Is  90%  of 
Ce  containing  only  0-002%  Zn, 

Any  Ca,  Mg  or  Zn  which  may  be  dissolved  in  the  Ce  is  removed 
by  placing  the  product  in  a crucible  madeof  MgO,  CaO,  BeO  or  Ta, 
which  In  turn  is  placed  in  a second  crucible  made  of  graphite* 
This  assembly  is  placed  in  a quartz  tube  with  one  end  closed 
and  the  other  connected  to  a high- vacuum  pump  via  a water- 
ccoled  brass  coupling.  The  coupling  is  provided  with  a glass 
window  to  facilitate  optical  temperature  measurement*  The  well- 
insulated  quartz  tube  is  placed  for  30  minutes  in  an  Induotioii 
furnace  heated  to  1250 “C*  The  melt  Is  held  at  this  temperature  for 
10*15  minutest  until  cessation  of  bubbling* 

This  entire  sequence  of  procedures  can  be  used  to  prepare  La* 
Ce,  Pr  and  Nd  in  99,9%  purity*  The  reaction  with  Ca  converts 
SmCla*  EuCla  and  YbCb  to  the  dichlorides*  The  preparatloa  bl 
Y fails  due  to  the  high  melting  point  of  this  metal- 

]L  RF.DbCTrON  OF  THE  OXIDES  WITH  METALS  ' 

^ 

SAMARIUM  METAL,  SOLID  Vi 

A tantalum  crucible  (height  20  cm., diameter  2.6 cm.)  ooetainihg 
a mixture  of  20  g.  of  SmaO*  and  20  g.  of  freshly  prepared  La 
ings  is  heated  for  30  minutes  at  1450"C  In  tin  electric  furnace  aiW, 
pressure  of  0.001  mm.  The  upper  part  of  the  crucible  EKcnjet^ 
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irw  fiM  himao®  and  Is  closed  off  with  a lid  carrying  a connection 
to  « hlA-vacaum  pump.  The  Sm  is  deposited  on  the  cooler  parte 
of  a^bruclble.  The  method  results  in  a highly  pure  metal  free  of 
La;  thft  yMi  i$  80%* 

" pure  Yb  m6tal  may  be  prepared  by  the  same  methods  In  a 
stznilar  preparation  the  La  may  be  replaced  by  Ce  or  AL 


paOPEBTlES: 

Atomic  weight  150,36-  Siiveryp  air-et^hle  metal.  More  volatile 
Uhan  La  metal. 

RErEBENCE: 

Aa  JandelU*  AttiHeale  Accad,  Naz.  Llncel*Rend,  VUl  Ig,  644  (1955)* 
□I,  ELCCTROLYSiS  OF  RJSED  CHLORfDES 
L.JV^THAXl^^^  METAL,  SOLID 

The  apparatus  for  melt  elect  rolys  is  is  shown  in  Fig,  287+  The 
anode  Is  a graphite  crucible  (inside  diameter  40  mm*,  inside  height 
BO  mm.p  wall  Sickness  5 mm**  bottom  thickness  10  mm,)  containing 
the  melL  The  current  is  supplied  through  a sleeve  surrounding  the 
bottom  of  the  crucible;  the  sleeve  is  connected  to  the  power  supply 
through  an  iron  rod.  The  cathode  is  a Mo  rod  (diameter  10  mnu, 
leogth  about  100  mm»)  friction-fitted  Into  an  iron  pipe  and  covered 
near  the  top  with  a tube  of  sintered  corundimi  cemented  in  with  a 
talc^waterglasE  mixture*  The  rotating  cathode  should  be  able  to 
agitate  the  melt;  the  current  Is  supplied  via  a carbon  friction  con- 
tact. To  coUect  the  La  metal  which  Is  thrown  off  by  the  spinning 
cathode  and  protect  it  against  contact  with  graphite  and  the  Clg 
formed  at  the  anoda*  a sintered  alumina  crucible  (upper  diameter 
40  mm, I height  30  mm*}  is  fitted  exactly  into  the  graphite  crucible* 
The  furnace  Is  heated  to  100D*C  and  the  crucible  is  charged 
with  a salt  mixture  of  the  following  composition;  27^4%  LaCl^. 
68*0%  ItClp  4*6%  CaFa  (3,75  g*  of  KClaod  0*35  g*  of  CaFa  per  gram 
of  La^3),  ft  is  advisable  to  addlnltialiy  only  a small  portion  of  the 
fluxing  material.  The  mlxtiire  Is  allowed  to  melt  and  any  NH4CI 
present  is  allowed  to  escape;  the  remainder  of  the  flux  Is  then 
added  during  the  first  minutes  of  the  actual  electrolysis.  The  elec- 
^olyste  is  run  at  6-8  volts  and  40  amp.  The  highest  current 
ew^eocles  and  product  yields  are  obtained  at  about  7 amp*  per 
and  25  amp*-hr*  The  cathode  should  rotate  at  a rate  of 
^2  r*p*s*  At  the  end  of  the  reaction,  the  current  Is  shut 
etirrtng  (rotation  of  the  cathode)  is  continued  for  a few 
BlnrtiMp  The  cntcible  te  then  removed,  allowed  to  cool  and  broken 
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to  pieces.  The  reeultant  in- 
got contains  moTO  than  99% 
lanthanum^ 

With  some  of  the  other 
rare  earth  metals  (Sc*  Gd), 
it  is  necessary  to  work  below 
the  melting  point  of  themetaL 
In  such  cases  the  metal  is  de- 
posited on  a cathode  of  molten 
Zn  or  Cd^  in  which  the  metal 
dissolves*  The  Zn  or  Cd 
is  vacuum -dig  til  led  from  the 
product  alloy. 

PROPERTIESi 

Atomic  weight  138*92.  Iron 
gray,  with  a vivid  metallic 
luster  when  polished;  duc- 
tile^  malleable-  Tarnishes 
rapidly  in  moist  air.  M,p. 

885*C;  6*18-  Crystal 

structure:  cc-La^  type  A3  (Mg 
type);  p-L^r  type  Al  <Cu 
type)* 

CERIUM  METAL,  SOLID 

Metallic  cerium  ia  obtained  via  electrolysis  of  a fused  mixture 
of  anhydrous  CeCU  and  KCl-'NaCL 

The  reaction  Is  carried  out  la  a roughly  cylindrical  copper 
vessel,  with  a wall  thickrtees  of  1 mm*  (see  Fig-  260,  p,  957)*  The 
inside  diameter  is  about  2*5  om.  At  the  top,  the  tube  widens  to  an 
inverted  truncated  cone  with  a base  diameter  of  about  8 cm*  The 
cathode  is  a carbon  rod  (diameter  9 mm-,  length  16  cm*)  Inserted 
from  below;  uptoaboutl.5cm*fromthe  upper  end  of  the  cylindrical 
section  of  the  tube,  the  cathode  is  wrapped  with  asbestos  cord;  this 
asbestos  cord,  In  conjunction  with  the  ujtunelted  portion  of  the 
chloride  mixture  which  rests  on  it,  serves  as  the  bottom  of  the 
melting  pot*  The  anode  is  a somewhat  thicker  carbon  rod  inserted 
from  above.  The  position  of  the  anode  maybe  adjusted  by  a height- 
regulating  device  attached  to  the  side  of  this  crucible-  The  elec* 
trode  gap  is  located  approximately  at  the  midheight  of  the  conics 
melting  space. 

For  small-scale  preparations,  a thin  carbon  rod  about  3 mm* 
In  diameter  and  20  mm.  long  is  clamped  between  the  two  cathodes* 
The  crucible  is  filled  with  200  g*  of  CeCl^  and  15*20  g*  of 
(equimolar  mixture)  and  the  crucible  contents  are  melted  as  rapidly 


Fig-  287-  Preparation  of  lantha- 
num metaL  a graphite  crucible; 
b corundum  crucible;  c molyb- 
denum electrode;  d iron  rod;  & 
corundum  protective  tube; /ther- 
mocouple- 
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Msslbto  with  A Current  of  30-"40  amp*  at  12-15  volts.  As  soon 
ns  lB«»eU  thins  in  consistency,  the  anode  Is  raised  somewhat, 
the  thin  fcarbon  rod  is  removed,  and  electrolysis  Is  carried  out  for 
sev«r*l  hours  at  T00-750“C.  After  solidification  the  metaiUc  ingot 
ts  removed  and  remelted  under  KCl'NaCl  in  a silicon  carbide 
cruclUe. 

PROeCKTIES: 

Atomic  weight  140,13.  Iron  gray,  with  a vivid  metallic  luster 
when  polished;  may  be  cut  with  a knife;  somewhat  harder  than  lead; 
ductile,  malleable,  M-p.  635*Ci  d*®6,92.  Tarnishes  rapidly  m 
moist  air;  burns  at  160-180’C  in  a stream  of  Og.  Attacked  by 
water  (evolution  of  Ha).  Crystal  structure:  or-Ce,  type  A3  (Mg 
type);  9-Ce,  type  A1  (Cu  type). 

IV.  ELECTROLYSIS  OF  ALCOHOLIC  CHLORIDE  SOLUTIONS 

The  electrolyeis  of  an  aicohoJic  solution  of  a rare  earth  chloride 
on  a mercury  cathode  (20  volts,  current  density  0.03  amp. /cm?) 
yields  an  amalgam  with  a rare  earth  metal  concentration  of  up  to 
3%.  The  mercury  is  removed  by  vacuum  distillation,  leaving 
hehiiid  the  pure  rare  earth  metal. 

tt£FER£NCES: 
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F,  H,  Spedding  et  al.  Lnd-  Eng.  Chem.  44.  553  (1962);  F.  H. 

Spedding  and  A,  H.  Daane.  J.  Amer.  Chem.  Soc.  74,  2783 
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Rare  Eorth  Tnchlorides 
IjiCi,  (on hydrous] 

E REACTTOW  of  the  oxides  with  Cjj  AND  SaCIj 

ea^  ootide  (1-2  g.)  is  placed  in  a porcelain  boat  and 
raHrMiifLijlor about  five  hours  In  a stream  of  Cls-SaCla  (prepared 
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by  bubbling  Cl^  through  a wash  botUe  fllledwlth  S^Cl^  and  sUaMog 
in  a 30"4€^C  water  bath).  The  temperature  is  slow^  raised  durli^ 
the  process  from  an  initial  400*C  to  about  20^  below  the  melting 
point  of  the  chloride*  The  chlorides  deposit  on  the  bottom  as  loose 
powders  ready  for  use  in  further  reactions. 

The  chlorides  of  Sm,  Eu,  Gd,  Tb,  py  and  Y,  which  melt  below 
700^0,  are  best  prepared  by  dehydration  of  the  hydrated  chtortdes 
in  a stream  of  HCl. 

il,  DEliYDRATlON  OF  THE  HYDRATED  CHLORIDES  IN  A STREAM 
OF  HCl 

The  hydrate  of  the  rare  earth  chloride  (3-^5  g,)  Is  dried  in  n 
vacuum  desiccator  and  then  heated  by  stages  in  the  region  of  the 
individiial  hydrate  transition  temperature  while  a stream  ol oxygen- 
free  Ns-KCl  mixture  is  passed  over  it.  The  boat,  which  may  be 
of  porcelain,  quartet  gold  or  platinum,  Is  placed  in  a tute  of 
Pyrex,  Vycor  or  quarts.  The  temperature  may  be  raised  beyond 
the  transition  regiort  only  when  no  further  hydrochloric  acid  con- 
denses on  those  sections  of  the  tube  which  project  from  the  ftirnace; 
if  this  precaution  is  not  observed  the  chloride  melts  In  the  water 
of  crystallization  and  the  product  then  contains  oxychlorldea.  De- 
hydration is  complete  after  30-60  hours.  Heating  at  300-400 *C  In 
a stream  of  pure  HCl  is  continued  for  one  boutp  and  the  product  te 
allowed  to  cool  in  a stream  of  N*-  The  stopcocks  afid  ground  joints 
which  come  into  contact  with  the  hydrogen  halides  are  greased  with 
a mixture  of  paraffin  and  paraffin  oil. 

The  product  must  yield  a clear  solution  in  water.  Contami- 
nation with  traces  of  oxychloride  may  be  recognised  by  turbidity 
of  the  aqueous  solutions, 

IIL  HEATING  OF  THE  HYDRATED  CHLORIDES  WITH  NH4CI 

Dehydration  of  the  hydrated  chlorides  may  also  be  achieved 
heating  with  an  excess  (1-1-5  times)  of  NK*C1-  The  products,  how- 
ever, always  contain  small  quantities  of  NHaCI- 

IV.  HEATING  OF  THE  OXIDES  WITH  NR4C1 

A 250-mL  quanta  Erlenmeyer  flask  equipped  with  an  adapter 
that  can  be  closed  oU  with  a small  glass  cap  and  can  also  be 
connected  to  a quartz  tube  (length  25  oiUit  diameter  3 om*}  Is 
filled  Witt  a mixture  of  60  g.  of  the  rare  earth  oxMe  and  lao  g. 

ofNH4Cl.  , ^ ^ , 

The  flask,  tilted  about  30*  from  the  borizontalp  eiowly 
rotated  around  Its  axis  and  heated  to  220— 250 *C  on  an.  air 
Evolution  of  NHs  ceases  after  6-8  hours*  Alter  a short  obeJteg: 
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wM.  U»  n»sk  is  closed  with  the  glass  cap  while  atm  warm 
Uid  allowed  to  cool  conip^otd3r»  The  cap  is  then  replaced 
(be  ouarta  tube.  The  other  end  of  the  tube  la  connected  (via 
(■^  MS  (reps)  to  an  oil  vacuum  pump.  The  flask  is  evacuated  and 
s«rro)Ukded  with  an  electric  furnace  extending  a few  centimeters 
(he  quarts  Joint.  The  mixture  is  slowly  heated  to  300'350'’C, 
reeulUiK  in  evolution  of  a small  quantity  of  water  vapor  and 
HHa-  tSb  excess  NK*Cl  sublimes  into  the  quartz  tube.  To  prevent 
crackii^  of  the  glass  connection,  it  is  sometimes  necessary  to  cool 
(be  other  end  of  the  tube  with  a water-cooled  lead  or  tin  coil.  After 
4-6  hours,  the  mixture  is  allowed  to  cool,  the  quartz  tube  is  cleaned, 
and  the  sublimation  is  repeated.  Complete  removal  of  the  last  traces 
of  NH4CI  l3  attained  only  at  400 *C, 

The  method  is  particularly  suited  to  the  preparation  of  large 
quantities  of  product.  The  oil  pump  may  be  replaced  by  a jet  ejector 
if  an  adequate  trap  filled  with  a drying  agent  is  Inserted  In  the  line. 

The  above  methods  are  suitable  for  the  preparation  of  all  the 
anhydrous  rare  earth  chlorides,  including  that  of  yttrium,  Por  the 
preparation  of  ScCis,  see  W.  Fischer,  H.  Gewehr  and  H.  Wingchen, 
Z,  anorg.  allg,  Chem,  170  (1939). 

PaOPEIITIES; 

Hygroscopic  powders  which  give  clear  solutions  in  water  and 
alcohol.  The  melting  points  drop  from  LaCla  B60*C)  to  TtaCls 
(—600‘C)  and  rise  again  to  LuCla  {'“900*C), 

HEFXaEIiCES; 

U W.  Kiemm,  K.  Meisel  and  H.  U,  von  Vogel.  Z.  anorg,  allg, 
Cbem.  1^,  123  (1930). 

IL  o,  iTonigschmid  and  H.  Holch,  2.  anorg.  allg.  Chem.  1^,  294 
(1927);  177.  9i  (1928);  L.Holleck.Angew,  Chem.  243  (1938). 
ra.  F.  Weibke  and  J.  Sieber,  z.  Elektrochem.  518  (1939). 
IV.  A,  Brukl.  Angew,  Chem.  152  (1939);  J,  B,  Reed.  J.  Amer, 
Chem.  Soc.  §7,  11S9  (1935);  D.  H-  West  and  B.  S,  Hopkins. 
Ibid.  W,  2185  (1935). 


dure  Earth  Trl bromides 
LnBri  (onhydrous) 

b OF  HYDEtATED  BHOMIDE-NH^Br  MIXTURES  IN 

A:9T1£M0F  HBr 

^(^tovHiUc  acid  solution  ctmtainiog  six  moles  of  NH*Br  peif 
rare  earth  bromide  Is  carefully  evaporated  to  dryness 
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on  an  air  bath,  with  constant  stirring  toward  the  end  of  the  op6M^ 
tion-  The  eva^ioratlon  should  be  carried  gut  in  a stream  olCO^ 
The  crumbly  salt  mixture  Is  dehydrated  in  a stream  of  HBr  at 
slowly  increasing  temperatures.  The  product  must  net  be  allowed 
tiO  melt  under  any  circumstanoesl  The  sublimation  of  NH^Br  start8 
at  250 *C;  its  last  traces  are  removed  at  600"C* 

Very  pure  tribromldes  are  obtained  by  dehydration  andremoval 
of  NH+Br  from  the  LnBrg  * 6 H-^-NH^Br  mixture  on  heating  in  hl^ 
vacuum*  For  the  preparation  of  ScBr^,  see  Ftscberp  K*  Gewehr 
and  H*  WingcheUp  2,  anorg*  allg*  Chem.  242,  170  (1939). 

[1.  TREATMBN  r OP  THE  ANHYDROUS  CHLORIDES  WITH  HBr 

The  anhydrous  rare  earth  chloride  (1-2 Is  heated  In  a stream 
of  HBr  for  about  seven  hours.  The  temperature  is  slowly  raised 
from  4€0"C  to  slightly  below  the  melting  point  of  the  bromide^ 

PROPEHTIES: 

Hygroscopic  powders.  The  melting  points  rise  with  atomic 
weight  from  SmBra  (^^628*0)  to  ErBr^  (^950*C), 

REFERENCES] 

L G*  Jantsch  et  ah  Z.  anorg,  allg,  Chem,  207,  361  (1932): 

G,  Jantsch  and  N-  Skalla.  Ibid.  201,  213  (1931). 

IL  W.  Klemm  and  J.  Rockstroh,  Z,  anorg.  aUg.  Chem,  1^  189 

(1928)* 


Rare  Earth  Trilodides 
LrI}  (anhydrous) 


[,  DEHYDRATION  OF  HYDRATED  ^ODJDE-NH^l  MIXTURES  W A 
STREAM  OF  HI-H2 

A mixture  cf  one  mole  of  Lnla  * 3 H3O  and  six  moles  of  NHaI  is 
heated  in  a stream  cf  HI  + Ha  mixture  with  a moderate  HI  conceh-^ 
tration*  Under  no  oircumatances  should  the  temperature  be 
at  a rate  fast  enough  to  melt  or  slater  the  product  durteg 
dehydration.  Because  the  product  Is  extremely  sensitive  to  0^  %K- 
moisture,  great  care  must  be  exercised  in  purlftdng  the 
Since  the  last  traces  of  NHil  sublime  only  at  high  temporat^^  i 
the  mixture  is  heated  to  600*C  during  the  last  stags.  When  the 
dehydration  Is  completej  the  HI  is  flushed  out  with  Tho  lodid!^ 
are  stored  under  Na. 

This  method  Is  suitable  for  the  Iodides  of  Iia,  Pr  and 
ever*  Smia  Is  usually  contaminated  with  some 
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to  $mb  after  elimination  of  the  UK4I.  This  ia  done  \jy 
the  product  to  S00*C  and  treating  it  with  Iodine  vapor, 
AxJiii  under  the  conditions  of  this  method,  Eula  decomposes  to 
^ iodine.  Because  of  their  tendency  to  hydrolyze,  the  iodides 
rare  earth  metaJs  which  are  less  eiectropositlve  than  Eu 
can  be  prepared  only  from  the  anhydrous  chlorides.  The  same 
«ppli«$  to 

n.  RKACTIOX  OK  THK  ANHYDROUS  CHLORIDKS  WITH  MIXTdRRS 
» HI  * \h 

The  anhydrous  rare  earth  chloride  is  heated  for  4-6  hours  until 
is  reachedj  it  is  then  held  at  this  temperature  for  30-40  hours 
in  a stream  ofRl-Ka  containing  as  much  HI  as  possible-  The  iodides 
Are  cooled  and  stored  under  Ng- 

Special  care  must  beexercised  with  the  lo  we  r™melting  chlorides, 
since  the  chlorides  no  longer  react  with  the  HI  when  enveloped  in 
Iodide- 

PROPE  RTIES: 

Hygroscopic  powders.  The  melting  points  drop  from  Lalg 
{-76rC)  to  Pria  (~733*C)  and  rise  again  to  LUI3  (-1045"C), 

R£FEE1£»CSS: 

L Gt  Jantsch  et  ah  Z.  anorg,  allg,  Chem,  185.  56  (1930); 

E,  Hohtnann  and  H,  Bommer.  Ibid.  2^^  384  (1941). 

BL  G*  Jantsch  et  ah  Z.  anorg.  allg*  Chem*  201,  207  (1932);  207, 
3S3  (1932);  65  (1933);  E.  Hohmann  and  H.  Bommer. 

Ibid,  383  (1941), 


Rare  Earth  DihoDdes 
LpX±  (anhydrous) 

The  trihalides  of  Sm,  Eu  and  yb  are  converted  to  the  dihalides 
by  beating  in  a stream  of  carefully  purified  Ha-  The  temperature 
flbmld  not  be  raised  as  high  as  the  melting  point  of  the  trlhalidet 
0tnce  tbe  molten  compounds  react  either  slowly  or  not  at  all  with 

An  the  dichlorldes,  dibromides  and  dliodides  of  Sm,  Eu  and  Yb 
” yepared  by  this  method.  Note  that  Eulg  Is  formed  under 
m given  for  the  preparation  of  the  trilodides  (method 

19*  TbctimI  degradation  of  Ybl*  In  high  vacuum  is  tbe  preferable 
rneOM  far  obtetning  xbu* 
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REFEflENCES: 

W*  Prandtl  and  H*  K^ogL  Z,  anorg*  allg.  Chem.  m,  265  (1929>; 
G*  Jantsch.  H,  Eupnig  and  W*  Runge*  UM.  216  (1327); 
W.  Kapfentaerg^r*  Ibid.  23a*  281  (1938);  G*  Jantsch,  N*  SkalUi 
and  H*  Jawurek*  Ibi<i,  21S  (1931), 


Cerium  (III)  Oxide 

CtjOi 

Reduction  of  CeOa  in  a stream  of  Ha  is  the  best  method*  R is 
ear  Tied  out  in  a silicon  carbide  boat.  The  must  be  carefully 
purified  (free  of  oxygen)  and  dried.  Very  pure  CeOg  (3  g.\  prepaid 
as  described  on  p.  1133*  requires  about  80  hours  atlOOQ^C  (or  45 
hours  at  llOO^C)  for  complete  reduction.  Traces  of  La  And  Nd 
moderately  increase  the  rate  of  reduction,  while  Pr  and  Tb  do 
50  markedly*  The  reduction  is  complete  when  the  blue-black  color 
of  the  partially  reduced  intermediates  changes  to  the  pure  gotdeo 
yellow  of  Ce^Oa. 


PnOPERTIES^ 

Golden  yellow  (greenish  yellow  products  are  incompletely  re- 
duced); converts  slowly  in  air  to  CeOsi  rapid  conversion,  accom- 
panied by  a glow,  on  alight  heating.  Readily  soluble  in  acids*  d 
(x-ray)  6.856.  Crystal  structure;  type  DSg  (A-sesqulcxlde  type)* 


HEFEREKCES: 


E*  Friederlch  and  L.  Sittlg,  Z*  anorg,  allg*  Chem*  134,  316  (1 
145.  127  (1925);  W*  Zachariasem  Z*  phye*  Chem, 

(1926);  G*  Brauer  and  0,  Holtschmidt.  Z.  anorg*  allg^Chen^ 
265*  105  (1951);  U*  Holtschmidt*  Thesis,  Freiburgl*Br,,  195^ 
G*  Brauer  and  U*  Holtschmidt-  Z,  anorg.  allg*  Chem*  22^  m 
(1956);  D*  J*  M*  Bevan.  J,  Inorg*  Nuclear  Chem*  49  (196^ 

proseod/mium  (iV)  Oxide 
PrO, 


At  400  *C,  praseodymium  oxide  preparations  achieve  a 
ticn  corresponding  to  PrOa  only  under  an 
However,  at  300*C,  only  50  atm*  of  Oa  sufftces- jflha 


*»» 


K.  WETZEL 


Fig:  QUftTtE 

tube  for  oxidation 
ofpfaseodymlum 
oadde. 


PraOu  ^ carried  out  in  the  quartz  tube  shown 
in  Fix.  28S.  ^he  Oa  is  generated  by  the  de- 
composition of  a weighed  amount  of  NaClOg 
In  the  sealed  tube.  The  amount  of  chlorate 
used  Is  calculated  beforehand  to  yield  an 
Os  pressure  of  50  atm.  in  the  sealed  tube. 
After  the  NaClOa  is  decomposed  hy  local 
heating,  the  entire  tube  is  heated  to  300 
for  48  hours, 

PEiOPERTIKS: 

Dark  brown  powder,  easily  reduced  ty  Ha 
to  PraOs.  Crystal  structure:  type  Cl  (CaFg 
type).  Measurements  of  the  dissociation  pres- 
sure of  Oa  indicate  that  the  Pr-O  system 
contains  additional  stable  phases  with  com- 
positions of  PrOi.-suB,  PrOi.eoa*Qd  PrO^^asa, 


REFEHENCESt 

J.  D.  McCullough.  J.  Amer.  Chem.  Soc,  72,  1386  (1950);  W.  Simon 
and  L.  Eyrlng,  Ibid.  Ifi,  5872  (1954);  H.  E.  Ferguson,  E.  D. 
Guth  and  L.  Eyrlng.  Ibid.  76,  3890  (1954). 


Rare  Earth  Hydroxides 
Lu(OB)i  (crystailino) 

Crystalline  trlhydroxides  Ln(OH)a  of  the  lanthanides  (at  least 
those  ranging  from  La  to  Er)  and  of  Y are  prepared  1^  heating  the 
hydroxides  under  cone.  (7N)  NaOHr  A solution  of  2 g.  of  the  nitrate 
in  2 ml.  of  water  is  added  to  a silver  crucible  containing  a solution 
<d  7 g,  of  NaOH  in  7 ml,  of  water.  The  crucible,  covered  with  a 
silver  lid,  fits  precisely  into  a pressure  tube  closed  off  with  a 
screwed-on  c^.  The  tuba  is  heated  for  25  hours  at  200“C.  The 
mixture  is  cooled,  the  clear  supernatant  is  siphoned  off,  and  the 
product  is  washed  several  times  (by  decantation)  with  CO  a- free 
water;  it  is  then  washed  on  a filter  crucible  in  the  absence  of  COa 
and  dried  by  suction.  Final  dr3dng  Is  achieved  by  storing  the  prod- 
uct lor  24  bours  over  cone,  H^O*  in  a vacuum  desiccator, 

pwmmES: 


TvaiMtpazeiit,  hexagonal  prisms.  Solubility  In  cone.  NaOH  in- 
OMO  frith  tike  atomic  number.  The  dehydration  passes  through 
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an  Inter  maculate  ataga^  MO(OH)*  in  which  the  compouiKla  liaw 
PbFC:  structure,  La(OH)a  has  UCb  structure* 

REFERENCES: 

II.  Fricke  and  A.  Seitz,  2,  aoorg.  allg.  Chem-  254,  107  (1947)!  tL 

Roy  and  H.  A,  McKlnstry.  Acta  CryatallogT.  (Copentaagei^  5, 

365  (1953)* 

lanthcmim  Suifida 
La^Sj 

2L£iOa  + 3H*S  = LfljS*  + 6HC1 

^90,6  102,a  a74  0 2ia^ 

Anhydrous  LaCis  Is  heated  in  a stream  of  pure  H9S-  The  tem- 
peratxire  is  maintained  at  500-600*C  for  several  hours*  followed 
by  heating  at  600-7G0*C  overnight.  Prior  to  use,  the  is  dried 
over  CaClg  and  PaOs*  liquefied  at— 78*C  (see  p.  344  ff*)  and  evap- 
orated from  the  liquid  [A,  Simon,  Ber*  dtsch*  chem*  GeSt  60* 

568  {1927}  and  this  Handbook*  Part  1,  p*  46  ft]  at  a flow  rate 
of  one  bubble  per  second.  The  intermediate  product  is  then  heated 
to  e00“1000^c  for  several  hours  and  allowed  to  cool  In  a stream 
of 

This  method  is  suitable  for  all  the  rare  earth  sulfides*  Including 
those  of  Sc  and  Y- 

U-(SO*}i  + 12H,S  = LaiSj  + 12S  + 12H.0 

sefl.0  409,0  374,0  ^Jft4.8 

The  recrystalliKsd  sulfate  hydrates  may  also  serve  as 
materials.  Except  for  the  fact  that  the  decomposition temperatoeji 
of  the  dehydrated  sulfates  (given  by  Brill;  see  references  bel^ 
are  different,  the  procedure  is  similar  to  that  given  above  for  fte 
chlorides.  In  this  case,  however*  the  products  are  usually  oon^ 
tamlnated  with  variable  amounts  of  Ln^Og^i 

Under  these  conditions  Era(S04)3  form  l>n;^^ 

exclusively*  it  is  also  possible  to  prepare  La^^S  by  reduct(p|i  q| 
La3(SO*)3  with  Ha  at  800*0. 

If  the  treatment  with  Hag  is  carried  out  at  a lower  tempera^^  Jt. 
(680-600 *C}*  the  sulfates  of  La*  Ce  and  Pr  form  polystilM®  = 
Lng$4*  which  decompose  above  600“C  to  LuaS^  and  S, 

The  anhydrous  rare  earth  sulfates  start  to  decompose  above 
600 "C.  yielding  the  basic  sulfates  LnsOs  * SOai  whose  derail- 
poaitioo  temperatures  decrease  from  La  (1150^0)  to  Yb  (906^  ^ 
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jrellow  to  light  orange,  opaque,  hexagonal  prisms.  d^B 

4.M. 

ItEFKKENCSS.- 

L W.  Ktemm,  K.  Melsel  and  H.  U.  von  Vogel.  Z,  anorg.  alig. 
Chem.  190,  123  (1930). 

IL  Ov  Brill.  Z.  anorg,  allg.  Cheai*  464  (1905)1  W.  Blits.  Ibid, 
71^424  (1911);  Ber.  dtsch.  chem.  Gas.  3341  (1908). 


Lonthoiufm  Selenides 

U-O,  -h  3H^Se  = U:Se,  h 3HsO 
325,fl  343.^  51  >1.7  54.0 

L Both  La^eg  and  La^Se*  are  prepared  fey  high-temperature 
reaction  of  the  oxide  or  chloride  with  H^Se. 

A boat  with  LaaOa  is  placed  inside  a quartz  tube  surrounded  by 
an  electric  furnace.  Several  boats  containing  Se  are  placed  ahead 
of  the  oxide  and  heated  with  Bunsen  burners  to  a temperature 
at  which  the  Se  slowly  evaporates,  A stream  of  carefully  purified 
Hg  is  passed  through  the  quartz  tube.  After  treatment  for  about 
fiTC  hours*  during  which  the  temperature  of  the  JjSl^Os  Is  slowly 
mined  from  €00  to  1000 La is  obtained  in  quantitative  yield. 

Heating  the  polyselenide  for  30-60  minutes  in  high  vacuum  at 
600- 000 *C  yields  La^C3.  This  operation  must  be  carried  out  in  a 
paroelain  or  corundum  boat^  since  quartz  reacts  to  form  the  rare 
earth  oxide  and  SiSe^^ 

The  same  procedure  is  used  for  CegSe^  and  PrgSo4-  However, 
Nd  yields  only  Nd^e3,(*  The  other  rare  earths  do  not  form  poly- 
seleoideSv  The  aesqulaelenides  of  these  elements  are  best  prepared 
treating  the  rare  earth  chlorides  with  H^Se: 

2 La  -fc-  3Se  = LaiSej 
S77.S  514.7 

IL  Sytsthes^B  from  the  elements  by  heating  a stoichiometric  mixture 
in  n sUicon  carbide  crucible  held  in  an  evacuated,  sealed  quartz 


Brtck  recL  Losoluble  In  both  cold  and  boiling  water; 
ctoItos  HaSe  in  dilute  acids;  decomposes  subtly  after 
jeMnldnyiff  In  moist  air*  d**  €A9, 
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REFERENCES: 

1 and  n:  W.  Klenim  and  A*  Koczy*  Z*  anorg*  allg;  Cbem.  253.  ti 

{1937(f  A*  Kocsy.  Thesis,  Danzig,  1S36. 

Lg,  Cs,  Fr  and  Nd  Mofiochako9«nid«i 
LnS^  LnSe^  LnTe 

These  compoimds  are  prepared  by  synthesis  from  the  elemeixts* 

The  rare  earth  metal  powder,  as  pure  as  possible.  Is  placed  in  one 
of  the  arms  of  an  L~shaped  glass  tube*  Tto  other  arm  contains  the 
stoichiometric  quantity  of  S,  Se  or  Te  (1:1  ratio).  The  tube  Is  melb* 
sealed  In  vacuum  and  heated  in  an  electric  fwuaoe  until  the  non- 
metal  is  completely  consumed.  The  temperature  should  reach 
400-460®C  by  the  end  of  2-3  days.  Powder  pattern  analysis  of  the 
products  indicates  the  formation  of  nonhomogeneous  matertale 
containing  Ln^X^j  and  LnaX4,  but  not  LnX,  which  starts  to  form 

at  loco-noo^c, 

For  this  reason,  the  samples  obtained  at  the  lower  temperature 
are  compressed  (10  tona/cmi^  to  cylindrical  tablets  In  an  atmos-^ 
phcre  of  COb  and  sealed  (ui^er  vacuum)  in  quartz  tubes.  The 
material  is  then  slowly  heated  to  1000 *C  In  an  electric  fiirnace 
(to  1100  "C  in  the  case  of  the  tellur  Ides).  The  products  are 
99,2-99*5%  pure* 

In  addition,  CeS  may  be  prepared  by  heating  Ce^Ss  to  2200*C 
with  a small  excess  of  CeHa;  an  evacuated  molybdenum  container 
is  used. 

PHOPERTIES: 

The  monosulfides  of  La,  Ce,  Pr  and  Nd  are  greenish  yellow* 
the  mcnoselenides  reddish  yellow,  the  monotellurldea  blue  violet^ 

The  sulfides  decompose  in  moist  air  to  form  HgS*  Crystal  struct 
ture:  type  B1  (NaCl  type)* 

4-  - 

REFEIIENCES; 

A.  Jandelll.  Gb.zz,  Chim.  Ital.  8S,  881  (19S5);  0»  Bastm&n, 

Brei^er,  L.  A.  Bromley,  P.  W.  Gllles  and  L.  N.  XiO%^n..^ 
Amer.  Chem.  Soc.  72,  2249  {1950), 

Evropium  {M]  Chotcogenldes 
Ev$.  EuSe,  EuTe 

EuCli  + S(Se;Te}  + H,  * EwS  (EuSe;  EuTe)  + 2HCa 
ms  S2,l(7B.0jlZ7^>  2j0  1M-0WX9!  2:78^  7^8,  . . 

A mixture  of  EuCla  witt  a soveral&ld  excess  of  S,  Bo  ^ 

heated  for  several  hours  to  «00"C  In  a fast  streafu  of  /V': 


■■■ 

v'  r : 

-c  ^ ,1 
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vroduoes  the  desired  cbslcogenldes.  TheS,  Se  or  Tb  in  ^esa 
composition  Is  removed  by  heating  for  a few  hours 

MKM  at  630*C  in  the  stream  of  Kg* 

also  forms  an  oxide.  EuO,  which  may  be  prepared  by 

huting  Eu^a  with  La  or  C* 

PEtOPEBTlES: 

RuO'  dark  red  or  blue  depending  on  the  conditions  of  prepara^ 
ticur  d 7 7*  EuS;  blue  black;  d 5*7.  EuSe:  brown  black j d 6*4- 
EuTe:  black*  metaiUc  appearance.  All  the  Eu  (II)  chalcogenldes 
crystallize  in  type  Bl* 


REFERENCES: 

W,  Klemm  and  H*  Senff.  Z*  anorg*  allg*  Chem,  2«i  259  {1939)j 
H*  A,  Eickf  N*  C.  Baenziger  and  Eyring*  J.  Amer,  Chem* 
Soc  78*  5147  (1956):  M*  Guittard  and  A.  Eenacerraf*  Comptes 
Hendil^Hebd,  Seances  Acad,  Sci.  248,  2589  (1959); L*  Domange* 
j,  Flahaut  and  M*  Guittard*  Ibid*  249,  697  {1959);  Jr  C, 
Achard,  Ibid,  250*  3025  (I960)* 


Rare  Earth  Sulfotes 

Ltii(SO|}}  ‘ nHfO 

The  oxide  (0-3  g,)  is  dissolved  in  20  ml*  of  hot  6N  83804-  'I'be 
solution  is  filtered  and  allowed  to  crystallize  over  cone*  in 

a vacuum  desiccator.  The  product  is  filtered  through  fritted  por- 
celain* washed  twice  with  10  mi,  of  water  and  once  with  10  ml,  of 
ethanol*  and  dried  in  air  for  four  hours. 

The  product  obtained  from  La  by  this  procedure  is  La3(S04)a  * 
and  from  Yb  it  Is  Yb3(S04)a  ■ IIH3O*  The  remaining  rare 
earthe  and  yttrium  yield  octahydrates. 

Cerium  sulfate,  €63(804)1  ‘ 5HgO,  is  prepared  by  heating  3 g. 
of  the  chloride  with  5 ml-  of  cone.  HbS04  until  ail  the  hydrogen 
chloride  has  been  removed*  Then  20  ml.  of  water  is  added  and  the 
product  is  allowed  to  crystallize  in  a deslccator- 

AUerjiate  method:  A neutral  or  slightly  acid  solutlonofthe  sul- 
fate iB  treated  with  about  3/4  of  its  volume  of  ethanoL  The  sulfates 
may  thus  be  isolated  rapidly  and  quantitatively*  without  the 
er^koratlon  stage« 

AA^ydrous  rare  earth  sulfates  may  be  prepared  by  dehydration 
flf  ihe  l^dratea  at  400*600 The  same  procedure  can  also  be 
4Mt  with  the  acid  sulfates  obtained  by  evaporating  the  chlorldfiS 

wMkt^oe. 
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PROt^ERTIES: 

The  rare  earth  su^ates  tisually  crystallize  aa  ocUJiydratefl^ 
The  anhydrous  sulfates  are  formed  in  the  range  of  165  to  245*C;  tf 
the  dehydration  is  carried  out  carefully,  it  is  sometimes  posBlbto 
to  detect  intermediate  stages  i such  as  pentahydrates  (Pr,  Nd,  Er) 
and  dihydrates  (La,  Ce,  Nd,  Yb), 

MFERENCE3: 

W.  W,  Wendlandt,  J.  Inorg.  Nuclear  Chem*  7,  61  (1958);  W*  BUtz, 
Z,  anorg^  Chem,  17,  427  (1911);  O.  BrllL  Z*  aiud.  Chem* 
47,  464  (1905). 


Rare  Ecflh  NtUides 
LoN 

Rare  earth  nitrides  may  be  prepared  by  heating  the  metal  In 
a stream  of  Ng  or  NHg>  or  by  reaction  of  the  chloride^g^jtTHa* 
The  preparation  of  LaN  by  the  first  method  Is  given  as  an  exampte> 

LANTHANUM  NITRIDE,  LaN  y 

Lanthanum  filings  (several  hundred  milligrams),  prepared  from 
the  metal  in  a stream  of  Ng,  are  freed  of  iron  with  a magnet  and 
heated  in  a molybdenum  boat  placed  in  a stream  of  purified  N a* 
The  azotization  requires  2-4  hours  at  750*C,  1-2  houra  at  900*C- 
Thfi  nitrides  of  Ce,  Pr,  Nd,  Sm*  Eu  and  Yh  may  be  prepared  )ay 
a basically  similar  method* 


PHOPERTlETS: 

Black  powder;  evolves  NHg  in  moist  air*  Crystal  structure; 
type  Bl  (NaCl  type)* 


HEFEnENCES: 


B.  Jfeumann,  C.  Kroger  and  H.  HaebJer.  z.  aiwrg.  allg.  Ch^- 
146  (1932);  Wp  Muthmann  and  H*  Kraft,  Liebigs  Ann*  325* 
Q90&}'  A.  Jandelll  and  E.  Botti.  Atti  R.  Acad.  Naa.  Lincedi. 
Rend,  [61  26,  129  (1937)  j R.  A.  Young  and  W.  T, 

J,  Aroer.  Chem.  Soc.  74,  6251  (19S2)t  H.  A.  Eick^  C, 

and  E.  V.  Balabanovlch.  Russian  Patent  51,424,  Cbei^ 
Zentr.  1938,  H,  673;  W.  Klemm  and  G.  Wlnkelmana.  Z, 
allg.  Chem.  87  (1956), 
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Rar«  Earth  Nitrates 

Ln(NO>)t  (anhydroosi 
Ln,0,  •'  6N,Oj  = 2Ln(NO,),  + 3N,Os 

Aztkvdrous  nitrates  of  the  rare  earths  may  be  obtained  from 
tbe  oxides  by  heating  with  NH4NOa  or,  better,  by  treatment  with 
liouid  Na04.  However,  Nd(NOa)3  can  be  prepared  only  from  NdgOa 
and  N«0«;  heating  NdgOa  with  NH^NOs  yields  Nd(N03)a  * NH4NO3, 
The  apiurfttus  for  the  preparation  from  the  oxides  and  N3O4  is 
shown  ib  Fig.  289-  Drying  tower  o,  filled  with  P2O0,  Is  connected 
to  storage  bottle  *’  through  a vacuum-type  stopcock  b,  A mercury 
manometer,  which  serves  as  a safety  valve,  is  attached  at  /,  and 
a McLeod  gage  is  connected  to  g via  a cold  trap.  The  l50-ml, 
steel  bomb  h ' is  equipped  with  a needle  valve  at  the  top  and  a 
square  thread  screw  at  the  bottom;  the  latter  is  for  the  introduction 
of  the  dry  oxide  (about  Z g.)  and  removal  of  the  reaction  product. 
The  bottom  neck  of  the  bomb  and  the  corresponding  surface  of  the 
screw  bead  have  machined  seats  for  a lead  0-ring.  Lead  packing 
may  also  be  used  at  the  junction  of  the  bomb  and  the  needle  valve. 
The  metal  and  glass  tubes  are  connected  at  i by  means  of  a cement 
seal  (for  example,  Glyptal).  Two  stopcocks,  c and  d,  and  a cold 
trap  i complete  the  system. 


Pig.  289.  Preparation  of  anhy- 
drous rare  earth  nitrates,  a dry- 
ing tower;  b,  c,  d vacuum-type 
st^cocks;  /,  g connections  to 
manometers;  h steel  bombi  k cold 
trap, 

Tba  ts  evacuated  through  1 to  about  0.02  mm.  Stqp- 

closed  and  about  30  loL  of  liquid  is  condensed  In  e 
- .*y^^**^  'rtUi  UquJd  Nb.  Then  c is  opened,  b and  d are  closed, 
distilled  into  the  steel  bomb  h (40*0  water  bath 
» Vp  dwliqg  with  Ibmid  N3  at  h).  The  needle  valve  is  closed  and 
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the  bomb  disconnected  at  i,  a steel  jaclcet  ie  screwed  OA  \ 

bomb  is  heated  for  24  hours  at  150*C*  Alter  cooUDg^  the  " 

removed  {vacuum)  via  a system  of  drying  towers  fUied  tylSli 
MgtClOi)^  and  collected  in  a trap  cooled  with  Dry 
The  last  traces  of  N3O4  are  removed  by  beating  the 
In  a drying  pistol  at  137 *C  (boiling  xylene).  Very  pure  nltratee 
are  obtained  in  100%  yield,  = ' : 

Up  to  now*  this  method  has  been  used  for  tbe  preparation  of 
the  nitrates  of  Laf  Pr^  l^d^  Sm  and  Gd.  For  the  preparation  of 
{NK*)3Ce(N03)6^  see  G*  F*  Smith*  V*  R*  Sullivan  and  Gi,  Franks 
Ind,  Eng,  Chem.*  Anal,  Edit.  B-*  449  (1936),  as  well  as  p-  1133  t of 
this  Handbook* 


PROPERTIES: 

Loose  powders;  form  clear  solutions  with  water  and  etbanot 
{very  exothermic  process),  The  nitrate  colors  differ  only  sUghtly 
from  those  of  the  corresponding  anhydrous  chlorides- 

REFERENCE: 

T,  Moeller  and  V,  D>  Aftandillan.  J-  Amer.  Chem.  Soc*  524:9 
(1954)^  T-  Moeller,  V-  D*  Aftandillan  and  G*  W*  CuHenin:  W, 
C*  Fernelius,  Inorg,  Syntheses,  VoL  Vi  New  York-Londou, 
1957,  pp.  37-42;  L,  F,  Audrieth,  E*  E.  Jukkola,  H*  E*  Meltt^ 
and  B*  Hopkins.  J.  Amer,  Chem.  Soc*  1807  (1931). 


Acre  Earth  Cyclopentadienides 


LnCU 


Lu{C*Hi)» 

3NaCjHi  = U(CJi())  + 3NaCl 


■■ 


The  anhydrous  rare  earth  chloride,  in  tetrahydrofuran 
is  treated  (stirring)  with  the  stoichiometric  quantity  of  cye^ 
pentad ienylsodium.  The  solvent  is  then  removed  1^ 
and  the  product  is  sublimed  at  200^250  *C  in  vacuum  (10 

Up  to  now*  only  the  tricyclopentadientdes  of  Sc,Y*  La, 

Nd,  Sm  and  Gd  have  been  prepared. 

PHOPEimnS: 

Crystalline  compounds;  begin  to  depompf^  abovfr 
Insoluble  in  hydrocarbobs,  soluble  in  tetoahy^x^tt 


im 


1^.  WIKTXEU 


Decompose  In  water  to  cyclopentad  lene 
Uri  lijdroxide.  Quite  stable  in  air,  with  the  exception  of 

C,  Wtlkiieon  and  J.  M.  Blmingham,  J*  Amer.  Chom-  Soo.  T^, 

«S1«  (19$4). 


’■  '.5C 
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Titanium^  Zirconium,  Hafnium,  Tkari»0. 
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Titdiiium 


Ti 

Due  to  its  great  atfjUtlty  for  a large  number  of  elennents., 
preparation  of  titanium  posea  considerable  difficulties.  ^ 
tictilar.  Nr  C and  0 dissolve  to  an  appreciable  extent  kt  the 
metallic  phase,  and  cause  coM^shorbtess  even  when  present  In 
minute  quantities.  They  cannot  be  removed  either  chemically  or 
by  sintering  or  meltl^  In  high  vacuum.  Consequently • th^  lel*' 
atively  easy  conversion  of  710 g with  Ca  (method  1 below)  yields 
only  B8%  pure  metal,  even  under  conditions  where  the  blghegt 
purity  of  apparatus  and  raw  materials  Is  maintained. 

Pure  metal  that  Is  ductile  while  cold  can  therefore  be  pr^ 
pared  only  by  methods  which  use  halides  as  the  starting  mateclals. 
However,  these  procedures,  which  are  based  on  the  reaction^ 
KaTlFa  (or  NaaTiFa)  + Na  (method  II)  or  TiCia  +Na  (methed  IH 
below),  suffer  from  the  drawback  that  the  deposited  metal  1b 
usually  porous  or  flahy,  which  leads  to  reoxl^tion  during 
removal  of  the  halide  by-product;  It  is  therefore  need  only 

as  a crude  atartli^  material  for  the  purification  process.  Never,-? 
theless,  careful  adherence  to  a number  of  precautionary  menau^^ 
permits  the  preparation,  even  by  these  methods,  of  pure 
which  can  be  cold-worked.  The  Kroll  magnesium  process  (nw^p^ 
IV),  which  utlUaes  the  reaction  between  TICI4  and  1^,  is  mwd  at 
present  both  in  the  laboratoiy  and  In  industry. 

The  highest  purity  (0.03%  C and  -0.000%  N)  Is  attained  via 
the  elegant  recoveiy  process  of  van  Arkel  and  de  Boer 
below).  This  is  based  on  the  thermal  decomposition  of 
iodide  at  1100-1500*0.  " W 

[.  PREPARATION  OF  CRUDE  METAL  , ; 

FROM  THE  OXfDE  AND  CALCIUM  , .. 

+ gCa  *=  Ti  + 2CaO  . , 
atia  47.9  ilia 


"■4 

' -il 

m 


TIO, 

79.9 


When  only  orurfe  starting  inetal  for  thfe  r^nlng  _ 
de&iredt  the  preparation  may  he  simplified  afid 


116) 
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* Vi-T^  lAftde  of  two  steel  seotloae  welded  together.  Seotlou  1 
MiO  o*«  of  larger  diameter)  consists  of  a tube  of  type  304L 
^Undoes  or  low-carbon  steel  with  a welded-on  bottom.  A wall 
of  I mm.  Is  sufficient  If  the  tube  diameter  does  not 
«X0Md  ifi  mm.  This  section  is  annealed  at  1000  *C  in  moist 
rtur  more  efficient  renooval  of  the  P and  C present),  A second, 
«mclble-like  section,  40-60  mm.  long,  of  exactly  the  same 
shape  and  precisely  fitting  into  the  first  section  <ln  such  a way 
the  two  sections  telescoped  together  make  up  a vessel  closed 
on  all  sides),  Is  charged  with  the  starting  materials  and  forced 
as  far  as  possible  Into  the  first  section  In  order  to  reduce  the 
air  space  Inside  to  the  minimum  and  to  give  the  tightest  possible 
.a An  I between  the  two  walls.  If  this  is  done,  then  the  rims  of  the 
two  tnheff  may  be  welded  together  without  a welding  rod;  the 
lower  section  of  the  tube,  that  is,  the  section  encompassing  the 
charge,  is  cooled  in  water  during  the  welding  operation.  One  can 
avoid,  to  a large  extent,  the  penetration  of  the  welding  gases  Into 
the  bomb  either  by  extending  the  sealing  surface  between  the  two 
tubes  (that  Is,  by  using  longer  tubes  for  an  identical  charge), 
or  by  crimping  the  upper  rim  of  the  outer  crucible  around  the 
Inner  one.  As  an  explosion  protection,  and  to  provide  a backup 
to  strengthen  the  bomb  walls,  a closely  fitting  external  tube  or 
jacket,  made  of  the  same  material  and  open  at  both  ends , should 
surround  the  bomb.  Scaling  of  the  bomb  may  be  prevented  by 
prebeating  the  latter  Inside  a porcelain  tube  In  a stream  of  Ha; 
If  the  heating  must  be  carried  out  In  air,  a coat  of  alumlmim- 
bronze  paint  wiU  prevent  too  rapid  oxidation  of  the  tube. 

FoUowipg  the  reaction  (see  description  below)  the  bomb  is 
allowed  to  cool  completely  before  being  sawed  open.  The  sawing 
should  not  introduce  any  iron  filings  into  the  product  (avoid 
tutlng  the  bomb  during  sawing  or  cutting  at  an  angle).  The  re- 
action product  can  usually  be  loosened  by  gentle  tapping  with  a 
hammer  nhlle  the  tube  is  clamped  in  a vise.  Alternatively,  the 
crucible  may  be  sawed  open  along  its  length  and  the  steel  Jacket 
la  Just  peeled  off. 

Only  Sl-£ree,  well-dried  TiOg  starting  material  should  be  used, 
to  avoid  formation  of  stUcon  or  silicldes.  If  this  precaution  is 
not  taken,  these  Impurities  are  carried  over  in  the  subsequent 
r^Oaiag  process  and  are  incorporated  into  the  titanium  Ingot, 
furthermore,  the  reduction  should  be  carried  out  only  with 
distflled  Ca;  addition  of  distilled  Na  is  advantageous.  Thus,  the 
rm^ioB  of  25  g.  of  TiOa  with  a mixture  of  40  g,  of  Ca  and  20  g. 

yf*Wn  about  13  g.  of  crude  Ti  (with  a metal  content  of  about 
wy.  Heating  ipr  20  minutes  at  1000  *c  suffices  for  complete 
After  cooling  and  opening  the  tube,  the  contents  are 
to  pee  size  and  leached  with  alcohol,  water  and  increas- 
lhC9  concentrated  portions  of  hydrochloric  acid.  The  residue 
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Is  waslied  free  of  chloride^  the  water  Ja  removed  with  aloolKA^ 
and  the  product  is  dried  at  110*C- 

The  preparation  of  titanium  that  Is  malleable  when  hot  (>2TO*0) 
by  this  procesB  is  described  by  KroU.  PureTlOa  (770  g,),  taiBtngs 
of  distilled  Ca  (770  g,),  and  fused  aiul  pulverized  CaCl^/BaCla 
(750  gp/250  g.)  are  mixed  and  pressed  into  hri^ets^ 'f^ilch  aro 
allowed  to  react  tiuder  99,2%  Ar  la  an  electric  furnace  at  > 700"C* 
The  addition  of  the  salts  is  necessary  to  moderate  the  reaction 
and.  above  all,  to  prevent  the  formation  of  CaTlOg^  a prodnct 
which  does  not  react  with  Ca  even  on  repeated  reduction*  The  use 
of  CaH^  in  the  second  reduction  has  proved  useftil,  since  the 
powdeiy  hydride  mixes  veiy  readily  with  the  other  reactants 
while  the  nascent  Hg  it  evolves  is  a powerful  reducing  agents 
Thus^  248  g,  of  Ti  (from  the  first  reduction  stage}  + 400  g,  of 
CaCiyBaClg  (3:1)  + 50  g,  of  Ca  + 50  g*  of  CaH^  gave  a yield 
of  337  g,  of  metal  after  heating  for  one  hour  at  1000*C  under 
99,6%  AFp  The  very  well^slntered  product  is  crushed  and  washed 
with  water  and  coceentrated  hydrochloric  acid,  yielding  fairly 
homogeneous  granules. 

The  original  reference  covers  the  constructional  details  of 
the  furnace* 

With  sufficiently  small  inputs  (20-30  g,  of  TiOa)  the  second 
reduction  may  also  be  carried  out  in  the  welded  bomb  and  without 
the  addition  of  CaHaS  the  temperature  should  then  be  lOOO’C 
(see  also  the  procedure  for  Th,  method  II}* 

As  in  the  preparation  of  the  rare  earth  metals  [F*  Spedding 
et  ah,  Ind*  Eng.  Chem.  44,  653  (19 52) J the  addition  of  feee  Iodine 
to  the  reduction  mixture  la  recommended,  since  the  large  heat 
of  formation  of  Cals  facilitates  fusion  of  the  metal, 

ir.  PREPARATION  OF  CRUDE  METAL 
FROM  FLUORIDES  AND  OTDIUM 


or 


NatTiF,  -h  4T^a  = Ti  + 6NaF 
^.0  47.9 

K^T^F*  + 4Na  ==  Ti  4-  2KF  -h  4NaF 
240J  47-9  Ufl.fi 


The  fluorotitanates  are  prepared  by  dissolving  pure  TtOs 
aa  excess  of  warm  20-40%  hydrofluoric 

with  a stoichiometric  quantity  of  NaOH  or  KOH*  eroporatlngl^ 
solution  without  overhoatliig  (at  40-60  *0)  until  ® ^ 
allowing  the  product  to  crystalline.  In  the  case  ofthepo^stt^ 
salt  tS  oroduct  is  the  monohydrstes  it  is  readily  recryst^isad 
?rom  ^ter.  HUog  of  the  air-dried  product  for  two  day®^ 
35X  rSmiy  yields  Sfeanl^ydrlde,whichinairat  SOO*C  decompose^ 
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to  llM  oscrfluoride.  The  N«,TiFa  crystallizes  already  as  the  an- 
hwtroos  salt  and  may  be  obtained  in  99.9%  purity  by  repeated 
uro^tttlon  with  alcohol  from  aqueous  solution.  The  small 
amount  of  water  remaining  in  the  product  alter  drying  in  air 
is  difficult  to  remove  by  heating  without  causing  partial  hydrolytic 
dtoomDoeltlon  [K,  Ginsberg  and  G.  Holder,  Z.  anorg.  ajtg,  Chem. 
laO,  40T  (1930):  196,  188  (1931);  201,  19S  (1931} j m>  225  <1932)]. 

The  NaaTiFs,  in  portions  of  up  to  1kg..  may  be  readily  reduced 
with  a 10%  excess  of  Na  in  a bomb.  The  sodimn  Is  cut  Into  small 
cubes  and  mixed  with  the  hexafluorotitanate.  After  filling,  tlie 
bMDb  is  welded  as  in  method  1 and  heated  to  1000'*C.  It  is  im- 
perative that  the  fluoride  be  absolutely  dry,  otherwise  an  explosion 
may  occur* 

When  KaTiFa  is  used  in  the  same  process*  a Na  excess  of 
only  1%  is  usedj  to  prevent  the  formation  of  too  much  K*  which 
may  cause  ignition  of  the  mbcture  upon  opening  of  the  tube- 

The  one  great  disadvantage  of  this  process  is  the  fact  that 
removal  of  the  fluorliie  from  the  product  requires  vejy  long 
boiling  with  largie  quantities  of  water.  Direct  washing  of  the 
fluorine^containlng  reaction  mass  with  hydrochloric  add  is  not 
feasible!  since  the  alkali  fluorides  react  with  the  acid  to  form 
hydrofluoric  acid,  which  dissolves  the  titanium  metaU  On  the 
other  hand*  boiling  with  water  results  In  considerable  oxidation; 
the  Ti  thus  produced  may  contain  more  than  20%  of  the  oxide*  After 
the  treatment  with  water,  the  metal  is  boiled  a few  times  with 
aqueous  sodium  hydroxide  and  is  then  treated  with  cold,  dilute 
hydrochloric  acid  (too  much  Ti  goes  Into  solution  with  warm  acid). 

m,  PREPAftATlOIV  or  CRUDE  MKTAL 
FROM  CHLOR[DE  ANfl  SODIUM 

Tia  -h  4Na  = Ti  + 4NaCl 
m.l  SiO  47.9  233.8 

If  the  reagent  quantities  are  small  j the  welded  steel  bomb 
described  in  method  1 can  be  used*  The  temperatures  must  be 
very  high  (to  start  the  reaction,  the  bomb  must  be  red-hot) 
Ajid  thus  the  TiCl^  vapor  pressure  is  very  high.  Larger  quantities 
(500  g.  of  T1CI4  + 245  g,  of  N a)  must  therefore  be  heated  in  a 
thlck~wali  steel  bomb,  the  lid  of  which  Is  sealed  on  with  a copper 
and  secured  with  a heavy  screwed-on  cap* 

Tbe  TICI4  pressure  in  the  bomb  can  be  kept  low  by  one  of  two 
d)  the  starting  temperature  of  the  reaction  may  be 
towered  ^ the  addition  of  a tablet  of  KClOa-Naj  the  small  amount 
Introduced  is  not  detrimental  provided  only  crude  metal 
^ reaction  tube  may  be  constructed  in  such  a way 
toere  exists  a temperature  gradient  and  only  the  sodium  la 
hwted  U>  7W-«00*Cp 
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zz.  titanium,  zirconium,  hafnium,  thorium 

If  the  amount  of  starting  material  is  not  too  small,  the  teat 
of  reaction  tfeveioped  in  the  process  Is  sufficient  to  cause  slater'* 
ing  of  the  metal;  the  heat  may  STcnbe  sufficient  for  partial 
of  the  charge.  The  product  titanium  is  first  wasted  with  alooihol 
to  remove  the  eitcess  sodium,  then  with  water  to  remove  salts^ 
and  finally  with  dilute  hydrochloric  acid.  After  repeated  wasUng 
with  water,  alcohol  and  ether,  the  metal  is  dried  In  a vaoinim 
desiccator.  Assuming  the  above-mentioned  charge  of  SOO  g.  of 
TiCU  I the  product  consists  of  about  31.6  g.  of  half-fuaed  metal 
and  4.5  g.  of  fine  powder,  as  well  as  71  g,  of  lumps  and  grniTmi 
whose  Ti  content  ranges  between  96  and 99,5%.  The  powder  fraction 
oxidizes  quite  readily. 

This  metal  is  much  better  suited  as  crude  Ti  for  the  refiaing 
process  than  the  product  obtained  from  the  bexafluorotltanate. 

In  the  industrial  Degussa  process,  46  kg.  of  Ha  is  heated  to 
700-300 ‘’C.  Then,  85  kg.  of  TiCU  Is  piped  onto  a layer  of  molten 
KCl/NaCi  {15/15  kg.)  situated  below  the  Ha.  The  resultant  metal 
consists  of  98%  Ti  and  2%  Fe, 


IV.  KROLL  MAGNESIUM  PROCESS 


TiCl*  + 2Mg  ^ Ti  + aivigCi, 
189,7  i&-0  47-9  190.4 


A)  PREPARATION  OF  THE  METAL 


Magnesium  works  just  as  well  In  the  reduction  of  TICI4  as 
sodiumi  In  addition,  commercial  magnesium  is  already  very 
pure  and  may  be  handled  In  air  without  special  precautions. 
Thus,  magnesium  Is  the  preferred  reducing  agent. 

The  reduction  apparatus  Is  shown  in  Fig.  290. 

Since  titanium  attacks  iron  at  high  temperatures,  the  entire 
reaction  zone  of  the  crucible  must  be  lined  with  a 1.5— mm,— thick 
sheet  of  molybdenum.  Although  molten  Ti  also  adheres  to  mo^rb— 
denuin,  the  two  metals  can  later  bo  separated  on  a latee.  ^ 
itself  does  not  react  at  high  temperatures  with  either  Fe  or  Iw; 
the  only  precaution  necessary  is  to  keep  all  iron  parts  Inside  the 


furnace  oxide-free,  ^ ^ i_ 

The  reaction  crucible  b.  lined  with  molybdenum  ^eet  c,  fe 
charaed  with  360  g,  of  vejiy  pure  Mg  blocks  (the  Mg  metal  surfaces 
are  precleaned  with  a file).  The  adapter  cover  e,  wMchci^l^ 
the  dropping  funnel  m and  the  Ca  electrodes.  Is  put  In  Place 
Mtlre  I3  OTMuated  to  0.X  «mu 

and  an  electric  arc  is  struck  and  maintained  for  10  min.  between 
the  two  ca  electrodes  cf  the  resultant  C%v“per^s  asa 
scavenger  for  moisture  and  Impurity  gases. 

At  is  achieved  by  drqpwlse  additton  of  a small  quantity  of  Tim^ 
from  the  small  dropping  funnel  m. 


tic« 
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Fig.  290,  Preparation  of  ti- 
tanium metal  from  titanium 
(IV)  chloride  and  magnesium. 
a)  chrome-nickel  alloy  outer 
container  (Inconel,  Nichrome, 
or  other  similar  alloys  may 
be  used);  h)  iron  crucible;  c) 
molybdenum  lining;  (/)  iron- 
plate  lidi  <■)  adapter  cover; 
/)  cooling  chambers;  k)  cool- 
ing colls  (lead);  /i}  vacuum 
line:  i)  rubber  balloon  for  Ar; 
k)  rubber  connections  and 
seals;  /)  iron  inlet  tube  for 
TiCU;  in)  dropping  funnel 
with  TlCU;  n)  electrodes;  u) 
calcium  rods;  p)  glass  adapter 
for  a sight  glass ; <;)  stopcocks ; 
r)  storage  bottle  with  TiCUs 
i)  Cada  tube. 


When  the  alloy  container  g reaches  a temperature  of  about 
700 *C,  500  ml.  of  TiCU  is  slowly  added  to  the  reaction  chamber 
from  tbe  storage  bottle  r.  The  addition  rate  is  such  that  it  takes 
1.5  hours  to  add  all  of  the  TICU-  The  temperaturej  which  rises 
to  about  lOSO’C,  should  be  precisely  controlled  during  the  entire 
addiUoiL  The  remaining  150  ml,  of  TiCU  is  then  added  very  slowly 
over  a period  of  0.5  hour,  the  temperature  being  gradually  raised 
above  the  boiling  point  of  Mg  (to  a maximum  of  HBO^C). 

The  molten  Mg  creeps  over  the  surface  of  the  nascent  clumps 
of  Tl,  thus  constantly  contacting  fresh  TICU.  In  the  process 
small  quantities  of  Mg  and  MgClg  are  occluded  in  the  Ti;  the 
final  heating  of  the  iron  crucible  to  above  the  boiling  point  of 
Mgto  Intended  to  counteract  this  phenomenon. 

The  pcro^^ess  of  the  reaction  may  be  observed  through  the 
vgasrXz  wladow  set  in  adapter  p.  H the  rate  of  addition  of  TiCU  is 
not  precisely  controUed,  the  inlet  tube  1 may  become  plugg®^ 
idili  Tl 


22.  TITANIUM,  ZIRCONIUM.  HAFNIUM,  THORIUM  1 I«7 

J *Tgon,  the  crucible  1b  full  of  larve  clumiia 

of  light  Ti  metal  embedded  in  white  MgCla  cryst&la  Th» 
contalue  extremely  finely  divided  Mg  Sd  hoJSjeT  « 

l-;ormed.  This  maeB  ls%emoved 

with  the  help  of  a lathe,  cutting  as  far  as  the  molybdenum 
the  pieces  of  Tl  are  held  so  firmly  In  the  surroundUig  MgCU  that 
metal  turnings  be  produced  without  any  difficulty.  These  are 
first  very  carefully  leached  with  water,  and  are  then  treated 
with  an  excess  of  dilute  HCl.  Decantation  yields  about  1%  of  the 
product  in  colloidal  form.  The  smaller  turnings  are  wet-sround 
in  a hall  mill  and  worked  up  separately.  They  are  unsuitable  for 
the  production  of  ducUle  Tl,  The  coarser  pieces  are  crushed 
to  10-12  U,  S.  mesh  size,  and  this  coarse  metal  powder  Is  rewashed, 
separated  from  the  fines,  and  etched  with  hot  hydrochloric  acid 
(1:3)  until  the  acid  becomes  deep  violet.  The  acid  treatment  is 
necessary  because  the  crushing  operation  oYlfijaes  the  surface 
of  the  metal  particles  (in  contrast  to  the  Elrconlum  0(Xldes,  the 
titanium  oxides  can  be  removed  by  acid  leaching).  After  gwn*tn*r 
washing  procedure,  first  in  cold  5%  hydrochloric  aold  and 
In  water,  followed  by  drying,  the  powder  is  freed  of  Fe  with  a 
magnet,  rescreened,  washed  with  alcohol  and  dried  at  130®C.  The 
yield  of  Ti  metal  is  2S4  g.  (&5.9%), 

Worner,  as  well  as  Wartmen  et  al.,  has  modified  the  above 
procedure  in  several  respects.  They  carry  out  the  reaction  In 
vacuum;  however,  this  necessitates  the  use  of  a double- waited 
container.  The  addition  of  TiCl  ^ Is  carried  out  much  more 
rapidly  (80%  at  30-40  ml. /min.,  the  remainder  at  lOmh/mln.), 
so  that  1500°C  temperatures  occur  locally,  and  external  heating 
may  be  stopped  as  early  as  five  minutes  after  the  start  of  the 
TICI4  addition.  When  the  reaction  Is  complete,  beating  at  900 ‘C  hi 
continued  for  45  minutes.  The  reaction  product  ia  not  leached; 
MgCls  and  unreaoted  Mg  are  partly  removed  by  evaporation 
and  partly  by  fusing  and  draining. 

B)  RKMF.LTINC  OR  RESlNTERIKC  OF  THE  METAL 

The  Ti  sponge  may  be  converted  to  solid  metal  by  fusion  in 
an  arc  furnace.  In  which  either  high  vacuum  or  a pure  aigdn 
(99.92%)  atmoaphere  ia  employed;  the  other  acceptable  procedure 
is  sintering  with  alternating  pressing  and  heating  in  hl^  vacuum 
{10"-*  imn.)  at  1000 "C.  The  Ti  powder  may  also  be  hot-rol^ 
in  air  while  contained  in  a welded  steel  container.  In  the  last  cud^ 
contamination  with  Fe  is  slight  and  the  Iron  Is  remOTe  cy 

etching  the  Ingot  after  unwinding  the  steel  sheet.  For  further 
tails,  see  the  original  references.  „„„*,** 

Assuming  that  the  proper  conditions 
metal  is  about  99.8%  pure,  and  contains  0,06%  Fe,  0,1%  O* 

N and  0,02%  MgCU* 
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THt  PROCtXS  VAW  AliKF^L  AN[?  I^OE^Ii 

Till  = Ti  -h  2J, 

SS5.6  ^7.9  S07.7 

tf)  The  iodides  are  used  for  the  preparation  of  small  quantities 
I--30-S0  gO  of  metal;  these  highly  hygroscopic  compounds  are 

not  introduced  directly  ae  raw  ma- 
terials, but  are  produced  as  inter- 
mediates during  the  process  iiiwMch 
they  form  from  crude  metal  and 
iodine*  The  most  suitable  crude 
titanium  for  this  process  Is  that 
prepared  from  TlCl^  and  Na-  Ti- 
tanium oxide » nitride  or  carbide  are 
attacked  by  the  Iodine;  thus*  the 
corresponding  nonmetals  are  left 
unchanged  and  do  not  incorporate 
into  the  growing  metal  ingot.  The 
weak  point  of  this  refining  process 
Is  that  a considerable  number  of 
other  metals  (e*g**  21r,  Hf,  Th*  V, 
B*  Si,  as  well  as  AI  and  Fe  if 
the  filament  temperature  Is  low) 
are  codeposited  with  the  desired 
titanium;  therefore,  these  impurities 
should  be  removed  during  the  prep” 
aration  of  the  cmde  metal*  that  Is, 
prior  to  refining. 

The  Pyrex  thermal  decomposi- 
tion flask  is  shown  In  Fig*  291. 
The  tungsten  bus  bars  fj,  h and  c 
(diameter  of  each  6 mm*)  are  ar- 
ranged in  a triangular  pattern  and 
sealed  Into  the  glass.  The  Ti  de- 
posits on  drawn  tungsten  core  wires  (di  and  di),  each  0*04  mm* 
tlklck  and  4D0  mm,  lohgi 

These  wires  cannot  Just  simply  be  stretched  directly  between 
the  electrodes*  as  would  appear  from  the  drawing.  If  this  were 
done,  the  rapid  rate  of  heat  conduction  through  the  tun^ten 
rads  could  cause  excessive  cooling  of  the  wire  ends  and  con- 
Wq^ently  prevent  the  titanium  from  depositing  at  the  cold  spots* 
This  would  result  in  nonunlform  deposition*  that  is*  preferential 
*cranmlatton  of  the  metal  on  the  glowir^  sections*  which  would 
ittw  hecoiue  heavier  and  unbalance  the  entire  wire*  Consequently f 
after  ft  certain  time  has  elapsed,  the  slightest  mechanical  shock 
•wtfd  be  Buffldent  to  break  the  thin  wires  and  Interrupt  electrical 


c 


Fig-  291*  Prepaxation  of  ti- 
tanium metal  by  the  process 
of  van  Arkel  and  de  Boer, 
g)  pyrex  bulb;  a,  &*  c)  trl- 
M^ar  arrangement  of 
tungsten  bus  bars;  d|, 
tungsten  wires;  iodine 
storage  flask;  0 shatter 
valve;  steel  ball. 
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contact*  The  critical  spotn  e and  / should  therefor©  be  etreiwQieiked 
by  insertion  (^  reducer  pieces  made  of  prc^resslvely  tliinaar  hmg*- 
sten  wires.  The  atmplest  arrangement  consists  of  a l-mm.-fhlek 
wire  ri^  fixed  m a slit  ta  the  bus  bar;  this  ring,  ia  turn.  Is  fitted 
with  a drilled  O.S-mm.  ring  to  which  the  glowing  wire  is  attached^ 
Crude  ^ (40  g,)^  is  placed  In  g and  12  g.  of  I*  In  evacuated 
sp^cc  «p  The  fls.sk  is  evacuated  to  <10"3  mm^  and  ths  motAJl  In 
degassed  by  heating  to  about  500 “a  At  the  same  time,  the  entire 
glass  part  of  the  apparatus  (except  for  the  Iodine  tube)  Is  dried 
and  degassed  by  fanning  with  a flame  while  the  reduced  pressure 
is  maintained.  As  soon  as  a sufficiently  high  vacuum  has  been 
restored  I a predetermined  starting  current  (about  0,£5  amp*)  is 
applied  to  the  tungsten  wires  to  bring  them  to  a "black  body  tem- 
perature*’ of  1400  ^C#  as  measured  by  an  optical  pyrometer»  The 
system  is  cooled  and  sealed  at  the  thin  glass  partition  I is  broken 
by  means  of  an  electromagnet  and  steel  ball  n,  and  the  1®  from  h Is 
allowed  to  flow  into  g*  A temperature  of  200*C  is  sufficient  for 
a rapid  reaction  of  the  iodine  with  a portion  of  the  Ti*  a reaction 
sometimes  even  accompanied  by  the  appearance  of  aflame-  Follow-^ 
ing  this  the  apparatus  is  melt’^sealed  at  k and  heated  to  550*C 
in  a furnace;  the  tungsten  wire  Is  than  brought  to  a glow  at 
the  same  current  as  above*  The  apparent  temperature  read  on 
the  pyrometer  is  now  lower  because  of  the  colored  vapors  rising 
from  the  material.  This  temperature  must  be  held  constant 
during  the  entire  subsequent  procedure  (by  increasing  the  current 
as  the  thickness  of  the  deposited  Ti  layer  increases) i 

The  equilibria  prevailing  in  the  system  are  hlgtdy  temperature^ 
dependent-  Furoace  temperatures  below  2SD*C  produce  Til*, 
which  then  decomposes  on  the  hot  wire  in  accordance  with  the 
above  equation*  At  higher  temperatures*  TIU  reacts  with  the 
or  Tide  Ti  to  form  Til  a*  which  has  a considerably  lower  vapor 
pressure.  Only  at  temperatures  above  500 *C  does  this  pressure 
become  large  enough  to  again  produce  titanium  deposition  on  the 
glowing  wire-  The  Tl  metal  fomed  at  higher  temper aturea  Is 
so  free  of  iron  that  the  latter  cannot  even  be  detected* 

Gases  which  may  still  be  present  in  the  flask  during  the  re- 
fining of  the  Ti  are  bound  by  the  metal  (thus,  a small  amount  of 
nitride  is  often  formed)*  For  this  reason,  the  current  to  the 
first  wire  Is  shut  off  after  a certain  time  and  that  to  the  second 
wire,  is  turned  on;  the  Ti  metal  which  then  deposits  m 
is  completely  pure.  Because  of  the  gradual  butld-up  of  titanium » 
the  current  must  be  raised  up  to  300  amp,  when  the  ingot  reaches 
a thickness  of  about  b mm.  This  requires  about  24 hours:  tithe 
starting  material  Is  the  crude  Ti  obtained  from  the  hexafluoro- 

tltanate,  the  build-up  rate  is  lower.  . ^ ^ 

The  current  to  the  fdrnace  can  be  gradually  reduced  to  aero 
in  the  course  of  the  run,  since  the  growing  Ti  rod  beglne  to  radiate 
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•BO^  to  maintain  the  required  temperature  throughout 

(toward  the  end  of  the  run,  it  may  even  be  necesaary 

to  cool  the  furnace  space  with  air). 

It  the  crude  metal  used  in  the  refining  process  is  prepared 
txfm  pure  starting  materials,  the  resultant  smooth  Tl  rod  ia 
completely  pure,  since  the  tungsten  wire  substratum  con- 
stitutes only  about  0.01%  of  the  rod.  The  metal  has  about  the  same 
ductUlty  as  Cu,  and  may  therefore  be  cold-worked  and  rolled. 

The  following  method  Is  well  suited  for  the  conversion  of  a 
piece  of  ductUe  titanium  (it  applies  also  to  Zr  or  fif)  to  powder: 
Tl  is  treated  at  600*C  in  a stream  of  Ha.  The  gas  must  be  ex- 
tremely pure  (see  p.  HI  ff.)-  The  resultant  hydride  is  brittle 
and  easily  ground  to  a powder.  The  Ha  may  then  be  removed 
tqr  heating  in  high  vacuum  at  1000 "C. 

fr)  This  method  has  recently  been  used  in  the  U.S.  to  prepare 
700- g.  quantities  of  Tl.  The  operation  Is  carried  out  in  Pyrex 
containers  900  mm.  long  and  200  mm.  in  diameter,  but  metal  tubes 
have  also  been  used  with  great  success.  For  a given  size  of  tube, 
the  metal  tubes  are  mucheasierto  handle  and  simpler  to  cool.  They 
cuDtribute  to  the  safety  of  the  operation  since  an  oil  bath  con  then 
be  used.  The  crude  Ti  is  not  placed  at  the  bottom  of  the  tubular 
vessel  but  is  held  In  a layer  10- IS  mm.  thick  at  the  walls  by 
means  of  a cylinder  of  perforated  Mo  sheet.  With  this  arrangement, 
it  Is  also  possible  to  dispense  with  the  additional  furnace  heating. 
The  glowing  wires,  (n  the  form  of  hairpins,  are  hung  from  three 
tungsten  rodsr  if  one  wire  burns  out,  two  more  are  still  available. 
Titanium  prepared  In  this  manner  contains  Q.03%  C,  0.003%  N, 
0.002%  O,  0.04%  SI.  0.04%  Fe,  0.06%  Al  and  0.002%  S. 

\X  PREPARATION  BY  ELECTROLYSIS  OF  MELTS 

Because  of  its  high  melting  point,  the  Ti  formed  by  electrolysis 
d^nsits  on  the  cathode  in  the  form  of  a solid  cluster  Impregnated 
with  the  melt.  The  presence  of  even  minute  traces  of  moisture 
or  exj^gen  causes  the  deposition  of  a finely  crystalline  material 
with  a hi^  salt  content;  suitable  operating  techniques,  however, 
**^*1^*^  If  possible  to  obtain  large  crystals  of  pure  metal, 

c)  Crude  titanium  may  he  obtained  by  electrolysis  of  a solution 
TtO  or  mixed  TiO-TiC  crystals  in  a CaClg  melt  at  700-850*C, 
The  electrolytic  decomposlUon  of  KgTiFa  in  a bath  of 
KoCl,  On  the  other  hand,  yields  a very  pure,  coarsely  crystalline 
metal,  la  this  process  the  melt  becomes  enriched  In  NaF,  acoord- 
ine  to  the  overall  equation 


K^TiF*  + * NiCI  = 21CF  -I-  4 NaF  + Ti  4 2 C!, 


wM*  cUfflTltie  fs  evotved  on  the  anode. 
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e)  Another  process  uses  an  electrolysis  oell  inm^ilchttie 
chamber  Is  separated  from  the  anode  by  a dlaphrawt  of  sintered 
alumina;  TlCl*  vapor  is  Introduced  into  a melt  of  alkali  metal 
chloride  or  alkaline  earth  chloride  in  the  cathode  chambecr*  The 
resultant  dissolved  lower  chlorotttanates  decompose  to  the  metal 
at  a later  stage  of  the  electrolysis, 

d)  Metal  of  very  high  purity  may  be  recovered  from  crude 
titanium  or  titanium  waste  by  anodic  soluUon  of  the  starting 
material  in  a melt  of  alkali  metal  chloride  oontatning  a small 
amount  of  lower  titanium  chlorides,  and  repreclpltatlon  of  the 
Tl  at  the  cathode. 


VU.  REDUCTION  OF  TiOj  WITH  CaH2 

A mixture  of  TiOs  and  CaHa  (in  40%  excess)  is  heated  for  one 
hour  in  hydrogen  at  atmospheric  pressure  (electric  furnace,  9S0- 
1075  ®C);  the  product  is  treated  with  dilute  hydrochloric  acid.  A 
fine  powder,  with  a metal  content  of  90%,  is  obtained;  the  remain- 
der is  mainly  H,  (3%).  This  process  is  also  suitable  for  prepara- 
tion of  V,  Nb  and  Ta  from  their  oxides. 


PBOPERTIKS: 

silvery  white,  ductile  metal.  M,p.  1730 ”C;  d 4.45.  Crystal 
type  A3.  Hexagonal  a-Tl  converts  at  885*C  to  the  bod^-centered 
cubic  form  (S-Ti).  Electrical  resistivity p*=  42*  10"* H ‘Cm. 

Scarcely  or  not  at  all  attacked  by  acids  and  bases;  dissolves 
readily  in  hydrofluoric  acid. 
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Zirconium,  hafniurr 
Zr,  Hf 

The  general  remarks  concerning  titanium  apply  equally  well 
to  zirconium  and  haihluin.  These  elements  are  thus  prepared  via 
the  same  methods  and  generally  in  the  same  equipment  as  de- 
scribed In  detail  in  the  section  On  titanium,  in  the  following,  we  shall 
discusB  Only  those  details  that  differ  from  the  above.  Where  Hf 
is  not  discussed  separately,  the  conditions  specified  for  Zr  apply. 

L ZrOt  + 2Ca  = Zr  + 3CaO 

im  80, -2  91.2  112.2 

Crude  starting  Zr  for  the  refining  process  is  prepared  via 
Ifce  sealed  bomb  method,  with  corresponding  changes  in  tl*® 
aaMMsts  of  materials  used,  chiefly  the  addition  of  Na,  which  is 
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highly  recommended  for  the  reduction  of  ZrOs  {ewg.*  20  ^ of 
ZrOg  + 20  g*  of  ca  + 10  of  a);  heating  to  lOOO^C  prodOOM 
a metal  still  containing  oxygeiu  Altbou^  this  Cluises  cold-^ 
shortness  f the  metal  becomea  malleable  somewhat  above  200*C* 


n-  K-ZrF,  4*  4Na  = Zr  + 2KF  + 4NaF 

2S3.4  9Z.0  91.S  Ue.3  IflflJO 

Crystalline  KgZrFa  (BO  g.),  prepared  by  cooling  a heated 
solution  of  the  hydroxide  in  KHFgi  la  heated  with  27.5  g.^  of  Na 
In  a sealed  bomb  at  1200-1300*0-  The  resultant  18  g*  of  crude 
metal  Is  a suitable  material  for  the  refining  process « 

HL  ZiCh  “h  4Na  ^ Zr  + 4NaCl 

233.0  92.0  91.2  233^ 

Up  to  1 kg.  of  sublimed  ZrCUt  crushed  to  lumps,  and  450  g. 
of  distilled  Na  may  be  reacted  in  one  run  in  a sealed  steel  tube 
at  &6€*C,  The  bottom  of  the  tube  is  charged  with  a layer  of  Na; 
this  is  followed  by  the  reaction  mixture  (ZrCl*  topped  with 

a layer  of  Ka,  Since  the  vapor  pressure  of  ZrCl*  Is  considerably 
lower  than  that  of  TiCU.  the  processing  of  larger  quantities  Is 
simpler-  The  heat  evolved  in  the  reaction  is  so  large  that  partial 
sintering  of  the  metal  occurs. 


rV*  ZtCU  + 2Mg  - Zr  + 2MgCi, 

S33.D  4S.0  &L2  190.4 

As  In  the  magnesium  process  for  Ti.  Zr  may  be  prepared 
reduction  of  ZrCU  vapor  with  Mg  In  a helium  atmosphere  (see 
references  below  for  further  details), 

V,  Zrl*  = Zr  4“  2fi 

S9a&  S07.7 

The  glowing  wire  temperatures  during  refining  should  be 
--1400*C  In  the  case  of  Zr  and-'1600*C  in  the  case  of  Hi.  The 
l^rex  vessel  must  be  kept  at  600*C,  The  crude  metal  bbteined 
from  the  chloride  is  the  most  suitable  raw  material,  ReoenQy 
Zr  has  been  prepared  in  large  glass  vessels  in  the  torm  of  ^rods 
welghix^  to  200  g, 

PROPEETIES: 


Silvery  white,  ductile  metals. 


wel^t 

Zr  ^1.22 
Hf  178,6 


d 


a (cJUMe^ckAd  1hxa^> 


S70*C 

^1S00‘C 


Ke«btlvltr 


i860"C 

3230-C 
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«(suc«]v  or  not  at  all  attacked  by  adds  and  basest  dissolve 
«J^^nhydronuoric  add.  Tot  the  pulverization  of  solid  metals 
UTloSniee^on  and  dehydrogenation  (hydrides),  see  pp,  1170  and 
11S4, 
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Thorium 

Th 


Debits  the  close  resemblance  la  chemical  behavior  of  the  metals 
hMl  ttaetr  ctnspoutids,  thorium  differs  from  titanium,  zlrconlnm 
Md  hflfiriiim  la  one  respect,  and  that  makes  the  preparation  of 
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the  metal  much  easier.  Thus,  although  the  ef&Aity  of  thorium 
metal  for  O,  N and  C Is  largCt  Its  cubic  face^oentered  latttce 
cannot  accommodate  tbeae  nomnetals  in  solid  eolutiODS* 
result  is  thatp  even  on  Incomplete  purification,  these  nonmetold 
are  present  ordy  In  the  form  of  oompouiids  and  In  small  quantlile^f 
they  have  thus  little  effect  on,  for  example,  the  mechantcal 
properties  of  the  metals  For  this  reason  Th  may  be  obtained  In 
a cold- workable  form  by  pressing  a^d  s inter the  powder* 

In  contrast  to  titanium  and  zirconium*  the  preparation  of  therinm 
metal  via  reduction  of  the  oxide  with  calcium  (method  tQ  acquiree 
Increased  Importance  and  rivals  the  reduction  of  the  tetrachlorSde 
with  sodium  (method  I)*  Melt  electrolysis  (method  m)  is  anottaer 
possibility.  Neglecting  the  small  oxide  content  (up  to  1%),  which 
in  any  case  has  never  been  determined  precisely,  the  metal  ob- 
tained by  any  of  the  three  methods  is  already  quite  pare  and  oonr 
tains  only  t>,l-0,2%  of  other  impurities.  The  Th  prepared  by  the 
refining  process  (method  IV),  is  definitely  oxygen-free  and  should 
in  any  case  yield  the  purest  product* 

L REDUCTION  OF  THE  TETRACHLORIDE  MTH  SODIUM 

ThCij  + 4TS!a  = Th  + 4NaCl 

S73.9  93,0  333J  23SJ* 

Up  to  300  g.  of  oxychlorlde-fi^ee  sublimed  TbCU  may  be 
reacted  at  500*C  with  vacuum-distilled  Na  (36%  excess)  in  a 
welded  iron  bomb  (see  method  section  on  titanium)*  The  iron 
crucible  should  be  filled  with  the  reaction  mixture  In  the  same 
way  as  in  the  reaction  between  ZrCl^  and  Na,  that  Is*  layer  by 
layer*  Following  the  reaction,  the  bomb  la  completely  cooled* 
opened  and  the  reaction  product  treated,  first  with  aloohol  (to 
remove  the  excess  Na)*  then  with  water  (always  maintaining 
the  solution  on  the  alkaline  aide).  After  complete  removal  of 
the  chlorine,  the  residue  Is  treated  with  2N  HNOg  to  dlseolve 
any  Th(OH)4  which  may  be  present,  filtered  with  suction,  thor- 
oughly washed  with  water,  alcohol  and  ether,  and  dried  tn  vaOuudi 
at  300  "C*  The  metal  yield  Is  56%,  in  the  form  of  lead-gray  platelste 
and  pellets*  The  coarsest  particles  are  also  the  purest  and  contain 
0*1%  O (1%  ThOs). 

IL  reduction  of  the  oxide  with  calcium  . , 

TlsOi  + 2Ca  = Th  + 2CaO  ..  . 

^64,1  SO.^  2B2.I  113-3 

A)  PREPARATIVE  PROCESS  ; 

The  process  la  bused  oa  the  reduction  of  very  pure 
diatUied  Ca  in  the  presence  of  anhydrous  CaCls  heated  to  46w®€b 
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Tte  CmCla  melts  at  the  temperature  of  the  reaction,  affording 
. Ifcwid  raactlon  medium.  The  heavy  Th  product  settles  to  the 
aad  is  thus  protected  by  a layer  of  melt.  The  apparatus 
is  either  a steel  bomb  capped  with  a threaded  conical  ad  (cf. 
the  Dauer  of  Marden  and  Rentschler)  or  the  simpler  welded  steel 
tube^^crlbed  under  method  I for  the  preparation  ofTl,  The 
charge  which  Is  made  up  cf  four  parts  of  ThOa,  four  parts  of 
CaCU  and  three  parts  of  ground  Ca.  is  vigorously  shahen  in  a 
closed  bottle  to  achieve  the  most  complete  mixing  possible.  The 
is  filled  rapidly,  sealed  and  heated  for  one  hour  at  SSO'C. 
The  tube  Is  then  cooled  and  opened;  the  resultant  pea^slzed 
reaction  product  is  gradually  added  to  water  (about  two  liters 
per  40  g,  of  starting  ThOal  with  vigorous  stirring  to  prevent  a 
local  temperature  rise.  After  the  calcium  has  completely  reacted 
with  the  water  and  the  evolution  of  gas  ceases,  stirring  is  stopped, 
the  si^rnatant  liquid  is  decanted,  and  the  solid  is  washed  four 
times  with  two-Jlter  portions  of  water,  vigorously  shaking  each 
time  for  5-10  mlnutea.  The  decanted  supernatants  are  low- 
concentration  suspensions  of  dark,  fine  Th.  Finally,  200  ml, 
of  water  is  added  to  the  remaining  heavy  residue,  followed  by  25  ml. 
of  cone,  nitric  acid  (vigorous  stirring).  The  odor  of  acetylene  is 
noticeable,  and  If  the  ThOg  used  in  the  preparation  was  made  from 
thorium  nitrate  which  contained  some  sulfate,  the  odor  of  HaS 
will  also  be  present.  After  10  minutes,  the  solution  is  diluted 
tenfold,  the  product  is  allowed  to  settle,  the  supernatant  Is  de- 
canted, and  the  acid  treatment  is  repeated  once  or  twice.  After 
thorou^  washing  svith  water  (twice,  two  liters  each  time),  the 
product  is  suction- filtered,  treated  with  alcohol  and  ether,  and 
dried  in  vacuum  at  300 '’C.  Under  favorable  conditions,  the  rel- 
atively coarse,  dark  gray  powder  is  (Stained  in  90%  yield. 

KroU  uses  the  same  process  with  a suitable  salt  melt.  However, 
instead  of  working  in  a sealed  bomb,  he  uses  an  iron  crucible 
placed  in  an  argon  atmosphere. 


B)  MELTING  OF  Th  POWDER 


Small,  relatively  compact  cylinders  are  formed  £com  thorium 
powder  under  a pressure  of  6-7  tons/cm®.  Crucibles  of  sintered 
thorla  are  suitable  melt  containers.  The  cylinder,  wrapped  in 
a tuu^ten  wire  spiral,  Is  placed  inside  such  a crucible  which  is 
Set  iqi  in  a quartz  container  connected  to  a hlgh-vacuum  pump. 
The  material  is  heated  with  a high-frequency  induction  coil. 

The  mparatus  is  evacuated  and  the  sample  carefully  degassed 
aJow  beating  while  the  vacuum  is  maiptaitied.  With  ooarse 
metal  powder,  this  operation  requires  about  half  an  hour,  and 
Mdtb  fine  powders;  the  reaction  Is  essei^lally  complete 
wted  the  powder  reaches  red  heat.  The  temperature  Is  then  rapidly 
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Increased  to  melt  the  metaL  Oxidation  Is  prevented  If  air  iB 
excluded  from  the  system  until  after  complete  coolii^. 

Thorium  powder  with  a completely  clean  surface  is  noteworthy 
for  Its  sene  Itivlty  to  air  after  hlgtwvacuum  degassing  at  400*C* 
This  sensitivity  is  so  pronounced  that  the  metal  catches  fire  on 
coming  In  contact  with  air.  The  materia]  also  reacts  so  vlgorouBly 
with  Ha  that  it  becomes  red  hot* 

m.  ELECTROLYSIS 


Th(NOj),  ‘ 4 HtO  ^ KThF.  Th 
S52-2  368.2  232-J 


The  electrolysis  of  a solution  of  KThF^  In  a NaCl-KCl  melt 
yields  very  pure  metal*  containing  only  0*02%  O.OS%  Si,  0,005% 
Fe  and  a negligible  amount  of  other  Impurities. 

The  KThF&  is  prepared  by  dissolving  400  g,  of  Th(N03)+  ^ 4 H^O 
in  two  liters  of  water  and  adding,  with  constant  stirring,  a solution 
of  250  g*  of  KF  in  400  mL  of  water.  The  KThFp  precipitate  Is 
allowed  to  settle,  washed  by  decantation  until  the  washings  are 
free  of  nitrate,  suction-filtered  and  dried  for  several  hours  at 


125“C- 

A cylindrical  graphite  crucible  serves  both  as  the  electrolysis 
vessel  and  as  anode*  The  inside  diameter  is  6 cm*  and  the  height 
15  cm*,  with  a wall  thickness  of  1-2  cm*  Current  ie  supplied 
through  a strip  of  Ml  sheet  wrapped  around  the  upper  part  of  the 
outside  wall-  The  cathode  is  a strip  of  Mo  sheet  0*05  nun*  thick 
and  1 cm-  wide,  which  reaches  2,5  cm,  from  the  bottom*  The 
graphite  cell  stands  in  a suitable  refractory  container  wound  with 
the  heating  filament.  The  entire  apparatus  is  placed  Inside  a sheet- 
metal  vessel  filled  with  thermal  Insulation  (see  also  the  similar 
arrangement  described  for  the  electrolysle  of  uranium). 

A mixture  of  250  g*  each  of  KCl  and  NaCl  is  melted*  and  30  g* 
of  KThFe  is  added-  When  the  melt  is  homogeneous,  electrolysis 
proceeds*  with  the  above  Mo  cathode,  at  a temperature  of  T7B*C* 
A current  of  18-20  amp*  Is  required  if  the  submerged  cathode 
surface  area  is  about  20  om^*  After  20  minutes  the  cathode  is 
carefully  removed  from  the  liquid  and  replaced  with  a new  piece  of  Mo* 
30  g*  of  KThFe  Is  addedp  and  the  electrolysle  Is  continued  for 
20  minutes  more.  This  procedure  may  be  repeated  several  times* 

For  preparations  on  a somewhat  larger  scale,  a larger  cruoibls* 
capable  of  containing  about  1 kg*  of  the  melt,  and  a molybdenum 
cathode  2.5  om.  wide  are  used*  The  procedure  is  the  same* 
except  that  the  KThFs  additions  are 

to  45  amp*,  and  the  cathode  area  to  60  cm^-  Elght&ld  repetition 
of  the  operation  In  this  larger  equipment  permits  the  preparatjoo 
of  about  130-140  g*  of  Th  (68%  yield)* 
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Tte  vwtarl«l  wJherlnB  to  th«  cathode  strip  is  a mixture  of 
Mtelllc  Th  and  solidified  melt.  After  complete  cooling,  the  salt 
Md  the  finely  powdered,  readily  oxidized  metal  fraction  are 
nuOTed  by  treatment  with  water.  The  residual  coarse-grained 
Xh  is  treated  three  times  with  nitric  acid  and  washed  with 
vater.  This  metal  powder  1$  then  suction-filtered,  washed  with, 
and  ether,  and  dried  in  vacuum  at  300 “C. 

IV,  HEFL'iLNC  PROCESS 


Thh  = Th  + 21, 

739.8  mi  S07.7 

The  thorium  metal  prepared  by  the  above  process  is  very 
pure  and  absolutely  free  of  oxygen.  The  procedure  Is  essentially 
the  same  as  that  described  for  Ti,  except  that  the  temperature  of 
the  glowing  wire  is  higher  (1700  *C)-  The  starting  material  may  be 
any  Hnri  of  crude  thorium,  provided  It  Is  free  of  metals  which 
will  also  deposit  on  the  glowing  wire;  the  product  derived  from 
Urn  chloride  is  very  suitable, 

PBOPERTIES: 

Gray  powder,  solid  similar  to  platinum*  Relatively  soft  and 
ductUe;  t^se  properties  are  unaffected  by  the  presence  of  small 
guamtltles  of  oxide.  M,p.  1830“C;  dll,7.  Crystal  structure:  type  Al. 

Hardly  or  not  at  all  attacked  by  dilute  acids  (including  hydro- 
fiuoric);  dissolves  readily  In  fuming  hydrochloric  acid  and  es- 
pecially in  aqua  regia.  Resistant  to  strong  bases. 

Thorium  powder  may  be  prepared  from  the  solid  via  the  hydride. 
The  procedure  is  Identical  to  that  described  on  p.  1170  for  Ti 
and  Zt;  the  hydride  should  be  decomposed  above  700*C- 
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finS  and  H,  Brintzlnger.  Z,  anorg,  allg.  Chem.  267  (1923), 
DL  F,  B,  Drlggs  and  W.  C.  LllHat>H«M , ijuJ,  Eng.  Chem.  22,  1303 
0*36).  ^ “ 


22.,  TSTANIUm,  zirconium,  HAFNIUM,  'mORtUM  f'fTrf 

IV.  A.  E,  van  Arkel  and  J,  H.  de  Boer.  Z.  aiu>r(^  all(^  Chow* 
146,  345  (1925)!  N.  D.  Velgel,  E.  M.  Sherwood  and  L 
Campbell.  J,  Electrochem,  Soc.  102,  667  (1955). 


Seporotlon  of  Zirconium  ond  Hafnium 

Hafnium  does  not  occur  aa  a separate  mineral,  but  appears 
in  nature  as  the  always  present  companion  of  Zr;  the  Hf/Zr  welg^bt 
ratio  is  usually  in  the  range  of  Q.01^0.025,  The  preparation  of 
Hf  or  the  purification  of  Zr  thus  always  tnvolTes  the  isolation  of 
Hf  from  the  crude  chlorination  product  or  from  commercial  Zr 
compounds.  The  following  fractionation  processes  are  of  praoUoal 
iraportance: 

L Crystallisation  IV,  Ion  exchange  and  adsorption 
H-  Precipitation  V.  Partition  between  two  solvents 

111.  Distillation 

1.  CRySTALUZATlON 

This  method,  which  is  unwieldy  and  applicable  only  to  the 
separation  of  very  small  quantities  of  material,  has  been  abant* 
doned  for  all  practical  purposes. 

IL  PRECIPITATION 

Good  separation  is  obtained  by  precipitation  of  the  phosphates  i 
the  hafnium  concentrates  In  the  leas  soluble  fractions,  A detailed 
description  of  the  recovery  of  Hf  troxa.  cyrtollte,  a silicate  of 
very  high  Hf  content  (5.5%  HfOg),  is  given  In  E.  M,  Larsen,  W,  C; 
Fernellus  and  L.  L.  QulH  In:  L,  F.  Audrleth,  Inorg.  Styntheses, 
Vol.  Ill,  New  York- Toronto- London,  1950,  p,  67, 

III.  DISTILLATION 

Since  the  vapor  pressures  of  ZrCU  and  HfCU  are  virtually 
the  same,  the  process  makes  use  of  their  adducts  wlthPQlg  or 
POClg.  When  a 60-piate  glass  column  is  used,  the  more  volatUe 
Hf  compound  concentrates  in  the  first  distillation  fraction  (f^r 
of  the  totals  2,5%  to  16%  HfOs)i  the  residue  remaining 
distillation  of  40%  of  the  total  feed  contains  only  0-2l%  HfOg.  i± 

This  process  seems  to  have  recently  assumed  a 
industrial  importance, 

IV.  ION  EXCHANGE  AND  ADSORPTION  , 

TMs  process,  which  was  Introduced  In  1948  hy  Stre6t;i^ 

Seatoorg  for  the  separaUon  of  milligram  q^tiUes  of  Tiff  and 
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b«oa«*s  important  in  preparative  work  only  when  the  small  Hf 

traeliOD  and  tiot  the  predominant  Zr,  may  be  retained  on  the  column. 

T^^’lSi^ed  selective  elution  of  the  Zr  with  IN  K,SO, 
(Which  involves  the  formation  of  an  anionic  complex)  from  a 
c<dumn  of  synthetic  cation  exchange  resin  (method  a)  or  by  selective 
adsorption  of  Hf  on  slUoa  gel  from  an  anhydrous  methanolio  solution 
of  the  tetrachlorides  (method  h).  Although  the  latter  process 
oermits  larger  throughputs  and  shorter  residence  times,  work 
with  anhydrous  methanol  Involves  difficulties,  and  the  further  treat- 
ment of  the  eluate  is  more  troublesome.  Method  Mjeeomes 
applicable  chiefly  In  those  cases  when  one  is  forced  to  deal  with 
tetrachlorides,  for  example,  when  the  latter  are  precipitated 


by  chlorination  of  minerals, 

a)  Dowex  50  or  Zeocarb  225  (350  g.,  with  a particle  size  of 
0.5  nun.)  is  treated  with  water  for  several  days  and  then  placed 
in  a tube  120  cm.  long  and  2.5  cm.  in  diameter.  A solution  of 
20  g.  of  Zr0(N0a)2  ■ 2HaO  In  one  liter  of  2N  HNO.,  is  passed  very 
slowly  through  the  column.  (If  the  nitrate  is  not  available,  24  g, 
of  ZrOClj'SHsO  is  precipitated  as  the  hydroxide,  washed  thor- 
oughly. and  dissolved  in  one  liter  of  2N  HNOa.)  The  material 
absorbed  on  the  column  is  eluted  with  IN  H2S04  (flow  rate  of 


100  ml./hr.).  The  Hf  concentrate  begins  to  appear  when  95-95% 
of  the  Zr  has  been  recovered  (passage  of  about  nine  liters  of 
the  acid);  the  HfOa  content  in  the  Zr  salt  eluted  prior  to  this 
point  is  less  than  0,01%, 

[For  faster  throughput  rates,  one  can  use  the  “breakthrough 
method,"  in  which  the  initial  adsorption  on  the  resin  is  omitted; 


the  resultant  separation  is,  however,  poorer.  One  proceeds  as 
follows:  a solution  of  2,5  g.  of  2r0(N0a)a- 2HaO  per  liter  of 

IN  HaSO^  is  passed  through  the  above  column  at  a rate  of  about 
200  mU/hr,  Before  the  “breakthrough  point*'  is  reached  (after 
tte  passage  of  about  nine  liters),  the  solution  leaving  the  column 


contains  mainly  Zr  and  a small  amount  of  Hf,  whose  concentration 
in  the  Zr  slowly  Increases  to  0,1%.  If  only  seven  liters  is  collected, 
the  product  recovered  from  the  solution  consists,  for  example, 
of  8.2  g.  of  oxide  containing  0.047%  of  HfOa.] 

After  removal  of  the  Zr,  the  Hf  adsorbed  on  the  column  Is 


eluted  with  stronger  sulfuric  acid  (>1.2N);  a solution  of  0.05 
moles  of  oxalic  acid  in  one  liter  of  2N  HaSO^  is  an  especial^ 
good  eluent.  Thus  63  mg.  of  Zr-free  HfOa  may  be  obtained  in 
a 30-g,  column,  starting  from  70  mg,  of  HfOg  containing  8%  ZrOj; 
the  material  Is  passed  through  the  ion-exchange  column  in  the  form 
of  a solution  of  HfOCla  ‘ 8H5O  in  675  ml,  of  IN  HgSOt. 

b)  &lica  gel  (1000  g.)  with  a specific  area  of  720  m.VS* 
U purified  by  treatment  with  nitric  acid  (1:1)  and  washing  with 
•aier,  activated  by  beating  for  four  hours  at  300  , and  suspended 

In  dry  methanol;  this  suspension  is  placed  in  a tube  120  cm-  long 


Titanium^  ^iROQNiUMt  hafnium,  thorium 
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and  5*0  eta*  in  diameter*  Th©  column  then  oontain©  ft  bout  700  Iftl* 
of  methanol. 

Zirconium  tetrachloride  (400  g.,  eguivfllent  to  210  g.  ofZrO^, 
with  a Rf/Zr  weight  ratio  of  approximately  0.02.  is  dissolved  ta 
two  liters  of  anhydrous  methanol:  the  solution  is  allowed  to  staid 
for  three  hours  and  is  then  filtered.  The  filtrate  advances  through 
the  column  at  an  average  rate  of  20  cm./hr.  (400  ml,/hr.)- 

[The  highest  separation  Is  achieved  during  the  initial  stages, 
as  the  following  data  Illustrate: 


Cumulative  throughput.  In  g.  ZrOa/g.  silica  gel  0.05  O.I  0.2  0.26 
% Hf  In  Zr  leaving  the  column  0,05  0.1  Q.3S  0.6 

Thus,  one  can  collect  aneluatecontalhlngHOg.  of  ZiO^  (equivalent 
to  265  g.  of  ZrCU)  urith  a total  Hf  concentration  of  less  than  0.1%. 

Oddly,  much  better  results  are  obtained  when  the  operation 
Is  conducted  on  a larger  scale.  Thus  a column  10  cm.  In  diameter 
and  150  cm.  long  charged  with  8 kg.  of  silica  gel  yields,  at  cor- 
respondingly higher  throughputs  but  otherwise  unchanged  operating 
conditions.  1.6  kg.  of  Hf-free  ZrCU.t 

At  the  point  when  only  about  200  g.  of  ZrCU  (equivalent  to 
lOD  g.  of  total  oxide)  remains  in  the  column,  the  HfOg  coucentratton 
In  this  residue  becomes  10%.  Further  concentration  is  attained 
by  elution  of  the  column  with  a solution  of  2.5  moles  of  HCl/llter 
of  methanol  (preferential  desorption  of  the  ZrCl^).  Depending 
on  the  duration  of  this  treatment,  the  final  elution  ^fh  7N  HaSO* 
yields,  for  example,  60%  of  the  absorbed  Hf  as  a 30%  product, 
or  20%  of  the  metal  as  a 60%  product.  These  concentrates  con- 
stitute a very  suitable  starting  material  for  the  extraction  process 
described  below. 

The  silica  gel  may  be  reused  after  reactivation. 

V.  PARTITION  BETWEEN  THfO  SOLVENTS 

The  process  is  based  on  the  preferential  ether  extraction  of 
Hf  from  aqueous  ihiocyanate-containiug  solutions  of  Zr  and  HL 
Addition  of  acids  or  salts  alters  the  equilihrliun.  Thus  the  presence 
of  ether-insoluble  sulfate  ions  shifts  the  distribution  of  Zr  and  Hf 
in  favor  of  the  aqueous  phase,  while  the  addition  of  acid  or 
achieves  the  opposite  effect.  Since  no  separation  can  be  achieved 
by  a single-stage  extraction,  a multistage  process  mustbe  used- 
The  process  la  designed  to  achieve  maximum  separation  by  com- 
bining the  above  factors,  i.e.,  by  varying  the  addlUves  In  the 
and  final  stages.  Hydrolytic  reactions  have  also  been  used  to 
advantage  in  this  separation.  The  toHowlng  procedure  lute  pr^ 
effective  for  the  processing  of  a rawraaterlalcontelning'-30%  KfOa; 


nu 
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Tl»  *th*r  phns*.  which  Is  IN  in  HSCN.  Is  prepared  by  shaking 
liter  of  ether  with  an  acidified  solution  of  NK4SCN  (90  g*  of 
NH4SCN  + i/8  mole  of  HalS^4)>  sulfuric  acid  Is  added  in 
simI)  portions  during  the  shaking*  A mixed  oxide  2r(Hf)Oa, 
calcined  at  not  too  high  a temperature,  yields  on  evaporation  with 

cone*  H^04  a product  of  the  appr  oximate  comp  os  It  ion  1 2 rO  5:2303. 
This  product^  in  a concentration  of  40^50  g*  of  oxide/Jiter  of  HsO, 
is  used  as  the  starting  material, 

One  liter  of  this  freshly  prepared  solution  (do  not  heat  to  dis- 
solve) is  treated  with  600  g-  of  NH^SCN  and  vigorously  shaken 
for  one  minute  with  one  liter  of  the  above  ether  preparation.  After 
standing  for  five  minutes*  the  ether  layer  is  siphoned  off  and  trans- 
ferred to  the  next  stages  of  the  process,  where  it  is  treated  with 
solutions  of  the  following  composition: 


stage  No. 

2 

3 

4 

(NK*)sS04  (g.) 

80 

so 

80  . 

(NHJSCN  (g.) 

50 

£5 

0 

- . . 

HaO  (mJ.) 

500 

500 

500  1 

* * * 

The  initial  extraction  is  repeated  ten  times,  each  time  with  a 
new  batch  of  the  ether-HSCN  phase*  Each  of  the  resultant  ether 
extracts  (fractions  2-10)  is  then  passed  through  ail  the  successive 
stages  of  the  process.  The  aqueous  solutions  in  each  stage  are* 
of  course*  used  over  and  over  again;  that  is*  the  new  ether  fraction 
is  treated  with  the  thiocyanate  solution  remaining  in  that  stage 
from  the  extraction  of  the  previous  ether  fraction.  However,  It 
is  recommended  that  the  NH^SCN  concentration  in  the  aqueous 
solutions  of  stages  2 and  3 be  gradually  increased  (always  re- 
taining the  thiocyanate  gradient  shown  In  the  table)  and  that  thio- 
cyanate be  gradually  added  to  the  succeeding  stages.  The  solution 
of  the  last  stage  must,  however,  always  consist  of  80  g*  of  (NH^)  2SO4 
in  500  ml,  of  water*  so  that  the  ether  leaving  the  system  is  always 
washed  free  of  Zr  andHf.  Thus,  new  last  stages  must  be  continually 
added  to  the  series*  When  the  thiocyanate  concentration  In  the 
aqueous  solution  of  stage  2 reaches  twice  the  level  shown  in  the 
table,  this  solution  Is  retired*';  the  solution  from  stage  3 becomes 
that  of  stage  2,  the  solution  from  stage  4 is  shifted  to  stage  3* 
and  so  on  down  the  line.  A new  thiocyanate-free  aqueous  stage 
is  then  added  at  the  end  of  the  series. 

The  Hf  + Zr  concentration  and  the  Hf/2r  ratio  must  constantly 
be  checked  in  each  stage*  since  the  separation  depends  on  a large 
of  Interdependent  factors*  Thus,  the  temperature  greatly 
antecte  the  partition  coefficients,  an  effect  which  can  be  oom^ 
pnnated  lor  by  changes  in  the  volumetric  ratios  between  the  phasee 
or  tf  adUiion  of  salts. 


2-Z^  TTTAMEUM*  ZIRCOfHUM,  HAFNIUM,  THOfllUM 


Some  hydrolysis  may  occur  In  stage  Is  it  Jg  reeognlzatde  by 
the  appearance  of  heavy  turbidity  or  precipitation  In  the 
layer  ^ and  may  necessitate  an  Intermediate  treatment  (preoipltation 
with  ammonia*  followed  by  solution  of  the  precipitate  with 

As  has  been  emphasized  before » the  process  Is  particularly 
effective  with  partially  concentrated  hafnium  products*  as  shown 
by  the  following  data>  Starting  from  40  g.  of  a product  with  a 
HfO^  concentration  of  1S%*  the  aqueous  layers  of  the  various 
stages*  after  shaking  with  10  liters  of  ether*  contained  the  follow- 
ing proportions  of  HfO^; 

1 2 3 4 S 6 

Oxide  (go  28  ~4  -5  2 0-6  0.2 

KfO^  {%)  --7  -20  >45  >40  >50  >70 

The  corresponding  figures  obtained  from  a starting  material  con- 
taining 50%  RfO^  were: 

mOs  [%)  25  -50  -80  -99  >99 

Alternate  methods:  aj  TJ,S*  authors  have  used  processes  in- 

volving fractional  extraction  of  the  aqueous  phase  with  benzene 
solutions  of  diketones  [thenoyl  trifluor acetone:  E-  Huffenan  and 
L*  J*  Beaufait,  J*  Amer.  Chem*  Soc,  Hi  3179  (1949)^  trifluorc- 
acetylaoetone:  B*  G.  Schultz  and  £►  Larsen,  J-  Amer*  Chemu 
Soc.  72,  3610  (1950)].  One  disadvantage  of  the  thenoyl  trlfluoro- 
acetone  process  may  be  that  the  2r,  which  Is  usually  the  major 
component,  is  preferentially  extracted  Into  the  benzene  phase, 

b)  A process  in  which  aqueous  solutions  of  the  chlorides  are 
counter  currently  extracted  with  methyl  isobutyl  ketone  in  the  pres- 
ence of  thiocyanates  and  thlocyanic  aoid  has  attained  industrial 
importance  [W*  Fischer,  H*  Heitsch  and  G-  Otto*  German  Patent 
1*010,061,  Oct-  18,  1955;  Nuclear  ScL  Abstr,  10*  371  (195QI* 

c)  The  nitrates  of  Zr  and  Hf  can  be  selectively  partitioned 
between  aqueous  nitric  acid  and  organic  solvents ^ particularly 
trlbutyl  phosphate  and  ketones,  the  Zr  being  preferentially  ex- 
tracted Into  the  organic  phase  {H*  P-  Cox,  H*  C-  Peterson  and  G*  JL 
Beyer,  Ind,  Eng*  Chem*  141  (1958);  Chemlo  f*  Labor  mad 
Betrieb*  August  1958*  340;  W*  Fischer  and  H-  Heitsch,  Gern^ 
Patent  1,007*306,  Nov.  16*  1954;  F-  HudsweU  and  J.  M.  Hutch^.qg^ 
Proc-  Ihternat.  Confer*  Peaceful  Uses  of  Atomic  Energy,  Vol*^8r. 
563,  New  York*  1956;  J*  Hure  and  H*  Saint- James,  ibid*,  5514 

J)  British  authors  recommend  chromatographic  separatich  o® 
AiaOa  or  cellulose,  using  an  organic  solvent  ET*  V*  Ar^not  aj,, 
Brit,  Pat-  654,695,  April  22*  1948,  granted  June  27, 1951; 

Zentr.  M,  4840]. 
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IL  S.  M.  Larson,  W*  C.  Fernellus  and  L.  Quill  in:  L,  F-  Aud- 
TMh>  Inorg-  Syntheses,  Vol.  lO,  New  York-Tor onto -London, 

1950,  p.  67*  . ^ 

m.  A.  B.  V&n  Arkfii  and  J.  H.  de  Boer.  Z*  anorg,  allg,  Chem* 
141,  269  (1924)?  D-  M-  Gruen  and  J*  J*  Kata^  J-  Amer*  Chem, 
Soc!  71,  3843  (1939). 

IVa-  B.  Lister,  J*  Chem.  Soc,  (London)  1951.^  3123;  B*  A.  Lisi^t 
and  jr,  M*  Hutcheon.  Research  8,  291  (1952), 
jvb,  R*  S-  Hansen  and  K-  Gunnar*  J,  Amer*  Cheni,  Soc,  Jl,  4158 
(1949)?  Ri  S,  Hansen*K*Gunnar*  A,  Jacobs  and  C,  R,  Simmons. 
t.  Atner.  Chem*  Soc*  72,  5043  (1950)* 

V.  W,  Fischer f W*  Chalytaaeus  and  M*  Zmnbusch-  Z*  anorg, 
Chem*  255,  79,  277  (1947/48);  W,  Fischer  and  H*  Heitsch. 
UnpuMiahed  experiments* 


Tiiar>fi;m,  Zirconium  and  Thorium  Hydrides 
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Hydrogen  dissolves  in  the  Ti  metal  lattice  until  a composition 
TiHo,p  is  reached;  this  produces  a hydride  with  a considerable 
bomo^nelty  In  the  range  of  TiH-TlHa*  The  upper  hydrogen  con- 
eeatration  is  attainable  only  with  Tl  and  Hg  of  the  highest  purity, 
while  operating  under  conditions  of  extreme  cleanliness. 

The  mefai  form  best  suited  for  the  hydrogenation  Is  Ti  sponge. 
Titanium  sheet  starts  to  absorb  at  300 *C  and  does  so  rapidly 
beginning  at  400®C*  Partially  hydrogenated  Ti  reacts  with  care- 
fully purified  H2  even  at  20 "C*  Hydrogen  is  released  from  highly 
hydrogenated  products  hy  reheating  to  above  400* C inhigh  vacuum; 
complete  desorption  is  achieved  at  1000 *C. 

When  it  is  required  to  absorb  only  a predetermined  quantity  of 
Ha,  the  following  procedure  may  be  employed.  The  metal  is  weighed 
into  a boat  of  sintered  clay  (or,  better,  of  stainless  steel,  provided 
traces  of  Fe  In  the  product  are  not  detrimental)  placed  in  a quartz 
connected  to  the  system  with  a ground  joint.  The  apparatus 
oooetets  of  a glass  burette  with  0*l-ml*  divisions  provided  with 
a leveling  tube  and  Hg  reservoir  and  connected  to  an  electrolytic 
geiieralCT;  thie  ajiparatufl  is  attached  to  a high- vacuum  system* 
qttart*  tube  volume  is  measured,  and  the  metal  Is  degassed  by 
to  65ft“C*  Hydrides  with  the  desired  Ha  content  are  ob- 
ittortl  hf  varying  the  absorption  temperature  and  the  quantity  of 
liirodiice^ 


aa.  titamium,  zirconium,  hafnium,  thorium 
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Zr/H,  ThfH 

The  preparetton  of  2r  and  Th  hydrides  ts  similar  to  the  above 
procedure.  Zirconium  reacts  very  rapidly  beginning  at  700*C  and 
at  atmospheric  pressure  Is  capable  of  dissolving  1.96  Abma  of 
H per  atom  of  Zr.  Thorium  starts  to  absorb  H#  at  49(>*Cj  fbp 
maximum  Ha  concentration  corresponds  to  a hydride  composition 
of  TbHa.  a** 

PfiOPERTtES; 

Gray  powder  of  somewhat  lighter  color  and  lower  density 
than  the  parent  metal  powder,  to  contrast  to  tbe  Ti  and  Zr  bydrldes. 
Th  hydrides  of  high  hydrogen  content  are  labile  and  Ignite  spon- 
taneously In  air, 

AEPEREHCE3; 

A.Sieverts  et  aJ.  Z.  phys,  Chem.  145,  227  <19291;  2.  anorg.  allg. 
Chem.  153,  289  (1926);  172,  1 (1928);  187,  155  (1930);  JSS, 
384  (1931);  G.  Hagg.  Z,  phys.  Chem,  (B)  U.  433  (1931); 
T.  H,  P.  Gibb  and  H.  W.  Kruschwltz,  J,  Amer,  Chem.  Soc, 
72,  5365  (1950);  8,  E.  Bundle.  C.  G.  Shull  and  K.  D.  Wollan, 
Acta  Crystallogr,  (Copenhagen)  5,  22  (1952). 
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Titonium  |U|  Chloride,  Bromide  and  Iodide 
Tia„  TiBr„  TH, 

TiCI*  + Ti  = aTiCl, 

1S9.7  -17.6  237.0 


A weighed  quantity  (2-3  g.)  of  TICI4  is  placed  with  the  approp- 
riate precautions  in  a thick-wall  quarts  tube,  and  the  stoichiometric 
quantity  of  TI  filings  Is  added.  The  tube  is  cooled  to  a Dry  Ice- 
aloohol  bath,  thorou^ily  evacuated  by  moans  of  an  oil  pumpi  and 
melt- sealed  In  such  a way  that  its  total  length  Is  12-15  oin.  It 
is  then  placed  to  a very  slightly  inollned  position  to  a tubular 
electric  furnace  so  that  the  Tl  metal  Is  located  at  the  higher  end 
and  the  chloride  at  the  lower.  The  Ti  is  to  the  hottest  part  of  the 
oven  (at  8 90- 900 *C),  while  the  section  containing  the  TlCU  is 
to  a cooler  zone  (at  about  200“C).  An  explosion  shield  Is  re<^  j 
mended.  If  one  uses  a mixture  suish  as  Ti  + 2 TICls  the  procedu^ 
la  leas  dangerous  but  more  involved,  ^ 

A mixture  of  black  and  purple  substances  (TiCls 

is  observed  after  24  hours.  As  ^ 

disappears,  the  reactor  tube  is  pushed  deeper  into  the  tornaoe, 

which  results  to  a gradual  disappeara^e 

To  achieve  complete  homogeneity,  the  mixture  to  heated  for  ad 
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4~5  600“T00*C.  Tile  product  Is  bisck  and  may 

to»  ittslodsed  i*«m  the  vimU  by  gentle  tapping  (the  reaction  with  the 
M*rta  well  piToceeds  to  only  a very  slight  extent).  The  quartz 
tdb»  Is  sawed  open;  the  black  powder  is  dropped  into  a transfer 
(Fig.  54,  p.  75)  and  reheated  in  vacuum  for  15-30 
mtnitesat  SOO’C  to  remove  the  moisture  absorbed  during  the  trans- 
fte.  The  product  is  then  ready  for  further  processing. 


Dk,  To  prepare  larger  quantities  of  TlCla  by  the  same  method,  it 
Is  advisable  to  use  a vertical  reactor  tube,  in  which  the  molten 
dichlorlde  is  formed  on  passage  of  TlCl*  vapor  over  titanium 
fUii^  heated  to  a high  temperature.  A layer  of  Ti  filings  about 
30  cm,  high  Is  placed  on  a perforated  carbon  plate  In  a fused 
quartz  tube  110  cm.  long  and  4.5  cm.  wide.  Just  underneath  the 
carbon  plate  there  is  a graphite  crucible  supported  by  a piston- 
Ijfa.  arrangement;  this  crucible  collects  the  droplets  of  the 
product.  The  entire  arrangement  is  placed  in  a tubular  furnace? 
the  temperature  at  the  metal  level  is  1050 ‘C,  while  that  at  the 
level  of  the  collecting  crucible  is  900“C.  After  thorough  flushing 
with  At,  gaseous  TICI4  is  introduced  from  above  in  a slow  stream 
of  Ar.  At  the  end  of  the  reaction  the  graphite  crucible  is  removed 
from  the  furnace  in  an  atmosphere  of  a protective  gas,  and  the 
solid  block  of  TiClj  is  removed  by  gentle  tapping. 

TiBr„  TVU 

These  compounds  are  synthesized  in  a similar  manner,  except 
that  the  halogens,  rather  than  the  tetrahalides,  are  used  as  starting 
materials. 


Ti  + Bi,  = TiBr,!  Ti  + J,  Til^ 

47.9  1S9.8  207-7  47.9  2S3.S  3Q1,7 

After  weighing  and  before  addition  of  the  Ti  filings,  the  Br^ 
must  be  cooled  to  — 78“Ct  since  liquid  Bra  and  TI  react  with 
^gnllkKD  even  at  room  temperature*  This  phenomenon  also  ocoura 
tok  the  sealed  tube  as  soon  as  the  starts  to  melt.  The  tuhes^ 
toweverp  are  capable  of  withstanding  the  pressure*  With  la#  on 
liie  other  band^  the  conversion  to  tetralodide  starts  only  after 
heating.  In  both  cases,  further  treatment  Ig  similar  to 
el  the  chloride.  The  quartz  tube  wall  is  attacked  even  less 
sf  the  branide  than  with  the  chloride,  while  the  iodide  does  not 
«act  wlUi  quartz  at  alL 

2TiCh  nch  -h  TiCU 
nae  is9,7 

^ vacttttm  la  created  in  a quartz  tube^  one  end  of  which  1?^ 

Tldf  and  heated  to  476  *Cf  while  the  other  is  malntaioed 
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at  —78  ^C-  The  TiCi*  formed  via  the  dfeprqportlonAtloii  ooTtdf'flf eg 
at  the  coll  end^  Complete  decompoaitlou  of  1 g*  of  TlCl^  reqnlrw 
about  12  bours^  When  the  reaction  le  over,  the  tube  end  oontate# 

Ing  the  TlCl^  is  sealed  off  fiom  the  remainder*  Since  the  4e^ 
composition  reaction  2 TiCia-^TiCU  + Ti  sets  Inheiow  4T5**C.^  pu» 
TiCla  cannot  be  obtained  by  this  method;  the  product  alwaye  WAr- 
tains  2-3%  of  free  titanium, 

On  the  other  handj  this  method  may  be  very  succeeslid^ 
used  for  the  preparaUon  of  TiBr^,  At  temperatures  slightly 
above  400  half  a gram  of  TlBfa  wUl  decompose  completely  In 
18  hours  according  to  the  equation  ETlBr^  = TlBra+  TlBr^,  How- 
ever, the  dlspropcrUonation  2 TlBrs-^TiBr^  + Tl  sets  in  above 
500 so  again  free  titanium  may  be  present  la  the  product. 

01*  Very  pure  and  finely  divided  TiClg  may  be  obtained  by  re- 
duction  of  TiCI*  with  Kg  In  an  electrical  discharge  produced 
without  electrodes. 

PROPERTIES: 

TiClg:  Black  crystals;  Ignites  in  moist  air;  soluble  inH^i 
evolving  (the  same  properties  apply  to  TlBrg  and  Til^).  d 
(TiClg)  3.13.  (TlBra)  4.31,  (Til^}  4.99. 
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Titanium  [\i\\  Chloride,  ftrcmide  ond  iodide 


TiCl^TiC],  6HiDj  TiBfi,TiBf^*6H,0;  Tih 


TiCb 

L 2TiCU  + Hj  = 2TiCU  + 


■ ^ 
■V] 


ST9.4 


a)  The  prtjoedure  developed  hy  Schwab  ot  M*  viras 
Klemm  and  Krose  as  foUows, 


■ 
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Tin  is  shown  In  Fig.  292.  Parts  a,  c,  and  d are  made 

miarts,  wbUe  ihe  container  / Is  Pyrex.  Before  the  start 
«f  tte  reaction  the  entire  system  la  thoroughly  dried  with  a 
etteem  of  H*.  About  25  g.  of  TiCU  is  then  added  through  6.  the 
ftaTMce  Is  rapidly  heated  to  600 ’^C,  and  the  cooling  water  for  the 
tlHSr  d Is  turned  on  (Scbumb  et  al,  use  a system  made  of  high*. 

glass  and  heat  to  650 'C  only).  The  TiCU  in  « is  heated 
y}n>rw*  to  the  boiling  point  while  a stream  of  Rg  is  passed  through 
U»  flask;  the  product  is  free  of  TiClg  if  an  excess  of  TiCU 
is  present  in  the  reaction  chamber.  The  unreacted  TiCU  is  col- 
lected In  container  f,  which  Is  cooled  with  Dry  Ice.  After  all 
the  TICU  has  been  distilled  out  of  flask  a,  the  current  to  the  furnace 
is  shut  off:  it  should  cool  rapidly,  since  the  Insulation  consists 
only  of  a thin  asbestos  layer.  When  the  temperature  drops  to 
XJO'C,  the  water  flow  to  the  cold  finger  Is  stopped,  the  finger  is 
dried  with  an  air  stream,  and  the  furnace  is  kept  at  120 ‘C  for 
several  hours  in  order  to  free  the  product  deposited  on  the  tip 
of  the  finger  of  TiCi*.  The  TiCU  left  lb  the  remaining  section 
of  the  apparatus  is  distilled  off  by  fanning  with  a flame.  The  system 
Is  then  allowed  to  cool  in  a stream  of  Hg,  followed  by  a fast  stream 
of  COa<  The  container  / Is  then  disconnected  at  e and  replaced 
with  a transfer  device  (Fig.  54,  p.  75);  the  cork  stopper  carrying 
the  cold  finger  is  pulled  out  from  the  reactor  to  a distance  suf- 
ficient for  insertion  of  a scraper;  the  TiCU  is  scraped  off  the 
finger  and  dropped  by  tapping  Into  the  transfer  container.  The 
yield  of  the  pure  product  is  2-3  g. 


Fig,  292.  Preparation  of  Uanium  (IH)  chloride 
according  to  Klemm  and  Krose.  a)  flask,  h) 
charging  adapter  for  Ticl*,  c)  reaction  tube, 
d)  cold  flT^r,  /)  container 

^^5)  Larger  quantities  (150-200  g.)  of  less  pure  product  (98%) 
prqwred  in  one  day  in  the  apparatus  of  Fig,  293  via 
nMMCfloa  of  TICI4  wuh  Hg  on  toe  surface  of  a glowing  tungsten 
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Fig*  293*  Preparation  Of  titaniuin  (in)  chloride 
according  to  Sherfey,  a)  Pyrex  reactor;  e) 
tungsten  rodSi  about  6 mmi  in  diameter; 
tungsten  wire  coll;  m)  ilask  for  distiliation 
of  TICI4. 

The  four-’ liter  Pyrex  reaction  vessel  a is  provided  with  a 
flat-ground  lid  with  four  openings,  one  in  the  middle  and  the 
other  three  arranged  symmetrically  around  it.  The  central  34/46 
ground  Joint  h carries  a tubular  adapter  c cicaed  off  with  a two- 
hole  rubber  stopper  d through  which  two  tungsten  rods  e (6  min* 
in  diameter)  are  Inserted*  The  rods  are  Interccnneoted  by  ^ 
tungsten  wire,  the  thlckneea  and  length  of  which  are  determined 
by  the  avatiahle  power  si^npiy.  Thus,  heating  awirelronu  th 
diameter  and  30  cm*  long  to  the  required  temperature  of  1000-^ 
1100 requires  a current  of  B6  amp*  and  8*6  t*  Thinner  wires 
should  not  be  used,  if  at  all  possible,  since  they  may  Surn  tM 
during  the  run;  longer  wires  Increase  the  process  rate* 

The  apparatus  Is  thoroughly  flushed  with  purCj  dry  H3,  whtflh 
is  Introduced  at  g and  which  leaves  at  When  all  tte  ■ 

has  been  removed,  stopcock  h is  ol^^ed  and  t Is  opened,  witho^  y- 
interrupUng  the  stream  of  Then  TiCU  (one  liter  = 
la  introduced  from  dropping  funnel  k Into  dlatUilng  flask 
except  for  a small  reslduSt  redistilled  into  the  reaction  vessel  fH 
The  dlatlllatioa  t^iparatus  Is  then  removed  and  the  openings* 

n is  rapidly  closed  ofL  , , ^ * j i 

Only  the  lower  third  of  reaction  vessel  a Is  heated  wi^  ; 

ing  mantle.  The  Dodllng  TICU  then  condenses  on  ttie 
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WAlls— oooled  with  * fan  If  necessary— and,  v/hlle  flowing 
<iOwfb  washs®  off  the  nascent  TlClj,  IftheTlCl*  boils  too  violently, 
the  solid  TlCla  particles  may  come  in  contact  with  the  hydrogen 
streani»  be  entrained  by  It  and  plug  the  reflux  condenser  (the 
ooadeikser  servos  only  as  a safety  vent). 

When  the  boiling  of  the  TlCl*  (in  the  fast  hydrogen  stream) 
has  reached  a steady  state,  the  tungsten  wire  Is  heated  to  red 
beat.  The  reduction  starts  immediately  and  is  accompanied  by 
tbe  appearance  of  violet  vapors  of  TJClj,  which  condense  on  the 
walls  and  are  largely  flushed  down  to  the  bottom  of  the  TlCli- 
flask.  Since  there  is  a posslblUty  that  air  may  enter 
the  system  whenever  there  is  a sudden  cooling  and  resultant 
temporary  vacuum,  the  Ha  flow  rate  must  be  carefully  maintained 
(the  air  is  undesirable  since  It  may  oxidize  the  glowing  wire 
to  the  point  of  burnout  and  may  also  cause  hydrolysis).  When 
the  TiCl4  ceases  to  flow  unhindered  along  the  walls  of  the  vessel, 
the  reaction  is  stopped  by  turning  off  the  current  to  the  glow 
wire,  and  the  flask  is  allowed  to  cool  In  a stream  of  Hg.  The 
TiCl*  “uy  distilled  directly  from  the  reaction  beaker  by  re- 
placing  tbe  Hd  used  in  the  reaction  with  a one^hole  cover.  How- 
ever, it  U simpler  to  transfer  the  reaction  mixture  to  a side- 
neck  distilling  flask  and  heat  to  150  on  an  oil  bath.  The  last 
traces  of  adsorbed  TiCU  are  removed  by  heating  in  vacuum 
to  200'’C;  other  volatile  contaminants  are  removed  at  the  same 
time.  About  150  g.  of  TICI3,  corresponding  to  a yield  of  1&96 
(or  90%  based  on  the  amount  of  TiCU  actually  consumed  in  the 
reaction),  is  obtained.  Because  it  contains  a small  [quantity  of 
TiCla,  the  product  has  a reducing  value  of  101,5%.  It  usually 
Igoltes  even  in  moist  air,  and  even  more  rapidly  when  it  is  still 
warm;  transfer  must  therefore  be  carried  out  carefully,  in 
an  inert  atmosphere, 

difficulties  Involved  in  welding  on  the  tungsten  coil  may 
be  circumvented  means  of  the  following  arrangement.  Two 
copper  tubes  (diameter  6 mm. , length  about  30  cm.)  are  electrically 
insulated  from  each  other  and  cemented  in  the  adapter  c.  Just 
above  c they  are  provided  with  side  fittings  for  connection  to 
cooling  water.  The  cement  may  be  an  epoxy  resin  such  as  Arald- 
ite  12l  R with  hardener  951-*  The  upper  ends  of  tbe  copper 
tqbes,  which  serve  as  bus  bars,  are  Interconnected  by  means  of  a 
short  piece  of  rubber  tubing;  the  lower  ends  are  closed  off*  A 
strip  of  toolybdenum  sheet  (0,2  mm,  thick,  6 cm,  long)  is  soldered 
on  at  the  lower  end  of  each  of  the  two  copper*  tubes  to  st^port  the 
testes  wire.  A firm  electrical  contact  between  the  wire  (which 
» wonnd  Into  five  or  six  colls)  and  the  molybdenum  strips  Is 


“manufactured  the  Ciba  Co;  see  also  p.  32. 
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achieved  by  Hireading  the  wire  ends  throurfi  & series  ol  smsKl 
holes  m the  Etrips,  followed  by  bending  the  e^os  over  ftudl  CTimvSa^ 
to  the  strips^ 


II*  3TiCh  + Ti  --  4TiCl, 

7i*-  5fl.&  4,S  6U 

if  pxu’e  Ti  metal  is  available*  the  TlCl^  may  be  prepared  In  a 
thick^wall  pressure  t^be  made  of  hised  quarts  or  Vycor  in  ac- 
cordance with  the  above  equatiom.  The  procedure  Is  essentially 
the  same  as  that  described  for  the  preparation  of  TiClg^  A 
large  amount  of  TiCia  forma  initially!  this  stage  may  be  reco^ 
niaed  toy  the  black  color  and  moist  appearance  of  the  product^ 
due  to  unreacted  TICU-  After  the  initial  reaction  the  reactor 
tube  Is  gradually  (over  several  hours)  pushed  completely  into  the 
furnace,  which  is  maintained  at  600 *C*  Should  a temperature 
gradient  exist  in  the  system*  the  TiCU  will  sublime.  In  the 
form  of  violet,  leafliJke  crystals,  into  the  center  of  the  pressure 
tube*  The  tip  of  the  tube  is  then  broken  off  under  a blanket  of 
protective  gas;  the  other  end,  which  may  contain  some  residual  un™ 
reacted  Ti,  is  also  broken  off,  and  the  TiCi 3 is  dropped  into  a 
transfer  device  {cf*  Part  1,  p*  75),  in  which  it  is  heated  for  an 
additional  few  minutes  in  vacuum  to  100^  15  0*C  by  fanning  the  vessel 
with  a flame;  the  small  amount  of  TICI4  which  evolves  shows  that 
the  reaction  did  not  go  to  completion-  The  reactor  walls  are  at- 
tacked only  at  the  spot  where  the  TI  metal  was  placed,  and  then 
only  very  slightly- 


m*  STiCh  + Sb  = 3T1C1,  + SbCl, 

V.flL  50,3  i2.a  4S.3  22,0 


The  reduction  of  TiCl4  to  TiCl^  with  Sb  does  not  require  ^ 
complicated  apparatus  and  may  be  carried  out  as  follows: 

A solution  of  SbCla  (d  1*265)  is  reduced  with  Zn  dust.  The 
resultant  Sb  Is  washed  several  times  with  0,1N  HCl  until  free 
of  2n,  then  treated  with  alcohol  and  ether,  and  finally  dried  lb 
a stream  of  COa-  Antimony  prepared  by  other  methods  dO^ 


not  reduce  TiCU  efficiently.  * . , 

Freshly  distUled  TiCU  (28  gO  is  placed Jn 
the  Sto  (6  g.)  is  added!  the  reactor  tube  Is  melt-seal^  and^t^ 
for  five  h^s  at  340  "C-  After  coolings  both  tub©  ends  ^ 
off  and  the  moist  jnass,  In  a stream  of  COg,  Is  tr^tferxedj^ 

three^neck  flask  via  an  adaptor  at  neck  a.  ^ la 

from  a dropping  funnel  attached  to  neck  while  the  la 

Mltat^  a stirrer  Inserted  througji  the  center  neck;  ttOs 

Sgso^es  ^ ^ SSoted  TICU.  The  mixture  is  ali^td 
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„ adlttstftbls  slpbon  tube  Is  Inserted  at  a,  and  the  auper- 
Vm  UvM  is  forced  out  by  CO3  pressure  applied  through  b, 
oa»ation  is  repeated  until  the  product  is  free  of  TiCU. 
T»e  S^i  foroied  in  the  reaction  is  removed  in  the  same  maimer 
hr  sxlrtttstiTO  extraction  with  ether,  the  last  traces  of  which  are 
evaporated  by  beating  on  a water  bath  in  a stream  of  COs-  The 
TiOs.  tn  the  form  of  a violet  powder,  is  transferred  to  storage 
raider  a btanfcet  of  COa-  The  yield  is  quantitative. 


IV,  Alternate  method:  Finely  divided,  very  pure  TiClg  may  be 

prepared  by  reducUon  of  TICU  with  in  an  electric  arc. 


TAk 

L The  preparation  of  TiBrg  by  method  In  is  similar  in  its  essentials 
to  that  used  for  TiCU,  except  that  the  removal  of  TiBr 4 after 
completion  of  the  reaction  must  be  carried  out  at  a higher  tern- 
per&ture  (250  ^C)- 

Thfi  prep&^fttion  method  Ib  uses  the  same  apparatus  as  that 
for  TiCls*  Since  TiBr4  is  a solid  at  room  temperature,  the  reflux 
condenser  must  be  cooled  with  hot  water  or  steam*  The  TlBr^  is 
poured  hot  into  the  distillation  flask  and  allowed  to  solidify  before 
the  apparatus  is  flushed  with  H^* 

H*  Sublimed  TiBr^  ciystals  are  ^ntheslzed  from  the  elements 
under  the  same  conditions  as  those  given  for  TiGla* 


Till 

n.  Direct  synthesis  from  stoichiometric  quantities  of  the  elements 
hj  beating  In  a sealed  tube  is  similar  to  the  preparation  of  TiCl^ 
or  TiCls  from  Tl  + TICU*  As  long  as  the  tetr  a iodide  still  ac- 
companies  the  diiodide  and  the  triiodide,  the  product  is  a solid 
cake  which  is  difficult  to  break  up  by  tapping*  Toward  the  end 
of  the  reaction,  after  heating  for  several  hours  at  700  the  product 
can  be  pulverised  by  vigorous  shakings  The  reaction  may  be  com- 
pleted at  1B0*C  (reduce  the  temperature  over  a period  of  several 
days).  The  reaction  is  tested  for  completion  by  pulling  out  the 
of  the  tube  from  the  furnace  (maintained  at  this  temperature) 
and  cooling  it  with  a piece  of  moist  filter  paper.  The  reaction 
Is  complete  If  after  several  hours  only  a very  slight  film  of  Til* 
la  observed  (the  film  quanti^  is  negligible  compared  to  the  total 
luterlal  in  the  reactor)* 

nopormst 

TlCia:  Formula  weight  154,27,  Violet-red  to  black  orystalsf 
la  vacuimi  at  425-440*C;  decomposes  to  TICI3  + TlCl* 
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Above  450*  C.  Readily  soluble  Ju  HgO-  d 2.66.  Crystal  9truotur«; 
type  D Os. 

TlBr,:  Formula  weight  267.65.  Bluish-black  crystals;  de- 

composes to  TlBra  + TiBr,  at  400*C.  Less  soluble  in  HaO  thati 
TiClg- 

TH3:  Formula  weight  428.66.  Vioiet'-black  needie-slnmedcrys— 
tals;  stable  up  to  300*C  on  heating  in  high  vacuum;  deoompoaes 
to  Tilg  + TiU  above  350 *0.  Dissolves  slowly  In  H3O  wttbout 
evolving  Ha, 
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TiCU  - 6 H,0 


TiCh  ^ TiCij  ^ 'fiClj  • 6 HiO 
1S9.7  JE54.3  MJ.4 


Titanium  (m)  chloride  may  be  prepared  by  cathodic  reducti^ 
of  TiCl*  in  a hydrochloric  acid  solution;  if  the  concentra^on.]^ 
TlCU  in  the  solution  is  sufficiently  hig^,  the  hexahydrate  pre- 
cipitates on  saturation  with  HCl.  The  crystallisation  is  ^wently 
inhibited  by  the  presence  of  tetruvalent  titanium,  and  total  re- 
duction of  the  solution  is  there&xe  neoes  sary. 

The  procedure,  according  tow.  Fischer,  is  as  foUows.  - - . 


EHftl-ICH 


M*4 

A ttdek-WAll  ovllndrlo*!  battery  jai*  (diameter  7 om„  height 
» ci.>»rv«e  as  the  electrolytic  cell.  The  center  of  the  cell  ig 
eoeuDled  by  * cley  cylinder  (diameter  4,5  cm.,  height  12  cm,J,  The 
is  held  in  place  hy  a cork  ring  with  three  additional  holes, 
fyf  carboa  anodes  (placed  opposite  each  oteer  on  the  diameter) 
•Md  tbe  third  for  an  outlet  tube  for  the  CI3  evolved  during  the  elec- 
trolysis. The  clay  cylinder  is  closed  with  a three-hole  rubber 
sterner,'  which  cfyntelns  an  inlet  tube  reaching  almost  to  the 
tK^I^  of  the  cylinder,  a short  outlet  tube,  and  a lead  wire  to 
the  Pt  cathode.  Also  recommended  is  the  insertion  of  an  additional 
tuije,  used  fox  occasional  sampling  of  the  solution  as  a check 
OQ  the  decree  of  reduction. 

To  sUrt  with,  TICU  (13  £-)  Is  added  in  drops  with  efficient 
cooling  and  vigorous  stirring  to  27  ml.  of  25%  HCl  solution. 
The  insoluble  hydrolysis  products  which  may  be  formed  are 
fUtered  off  through  fritted  glass.  The  clear  solution  is  placed 
in  the  clay  cylinder,  and  the  anode  chamber  is  filled  to  the  same 
level  with  25%  hydrochloric  acid.  At  12  v.  and  a current  density 
of  2.S  ajnp./lfl  cm.®  of  the  Pt  cathode,  the  electrolysis  should 
require  about  four  hours.  The  Jar  Is  meanwhile  cooled  with  ice 
(or,  if  necessary,  with  ice-salt).  Toward  the  end  of  the  run, 
HCl  is  added  to  the  solution  until  saturation.  The  hexahydrate 
TiCla-BHaO  crystallizes  best  when  the  solution  is  not  agitated; 
therefore,  the  introduction  of  HCl  should  be  Interrupted  for  10 
minutes  every  half  hour.  If  the  reduction  is  complete,  the  product 
crystatUses  within  one  hour,  forming  a solid  crystalline  mass.  It 
is  placed  on  a coarse  fritted-glass  filter  under  CO^  and  the 
mother  liquor  is  removed  by  suction.  The  precipitate  is  washed 
with  some  saturated  HCl  solution,  followed  by  ether,  and  the  crys- 
tals are  dried  in  a vacuum  desiccator  over  soda  lime.  The 
TiCl^  , 6H^  then  consists  of  small  cjy stale. 


PBOPEimES; 


Pale- violet,  hygroscopic  ciystals,  readily  soluble  In  water. 
Decolorizes  slowly  by  oxidation  in  dry  air,  rapidly  In  moist  air, 
with  formation  of  white  TIO*  hydrate. 

H a saturated  solution  of  TICU  is  covered  with  ether  and 
ealurated  with  HCl,  a green,  very  unstable  isomeric  hexahydrate 
to  formed  (A.  St^er  and  R.  Wlrthwein,  Ber,  dtsch,  chem.  Gob, 
38,  (1906)]. 


xnsaicz: 


Pslvite  oomuuiiilcaticn  from  w,  Fischer,  Hannover. 
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TlBr,-6HiO 


TiBri  TiBr,  -*■  TiBT»‘6Hrf> 

967.0  39^5^.^ 


Titanium  (ID)  bromWe  TlBra  - Is  prepared  ixx  exactlY  the 

^ eolutlan  of  37  g.  of  TiBr*  in  K ml 
of  34%  nydrobromic  acid  is  poured  Into  the  clay  cylinder  and  re- 
duced for  three  hours  at  a current  Intensity  of  2,5  amp* 


PBOPERTEESt 


Reddish- Violet  crystals,  M,p*  115 “C,  Soluble  in  HaO,  methanoli 
absolute  alcohol  and  acetone^  insoluble  in  CCU  and  benzene.  De- 
composes In  absolute  ether. 


REFERENCES: 


The  same  as  for  TiClg  * 6H3O:  eee  also  J*  C*  Olsen  and  E*  P* 
I^aii,  J*  Amer*  Cbem.  Soc*  54*  2215  (1932), 


Titoniuni  (IV|  Chloride 
TiCU 

TiOt  + ac  H-  2a,  = TiCI*  4-2  00 

7&,&  Ml-S  IS0.7  5fln 


PREPARATm 

a)  An  intimate  mixture  of  30  g*  of  commerdaL  TIO3  (sold^ 
under  the  trade  name  “synthetic  rutile’^:  if  natural  rutile  is  ueedi 
it  must  be  preground  for  24  hours  In  a ball  mill  until  a very  fine 
powder  is  obtained),  15  g*  of  charcoal  or  carbon  hiaok,  and  0*05  g, 
of  manganese  dioxide  catalyst  is  stirred  to  a paste  with  water  anil 
0,3  g.  of  soluble  starch.  The  mixture  is  heated  in  a drying  chaniber 
with  occasional  stirring  until  a material  consisting  of  agglont? 
erated  particles  Is  produced;  this  is  placed  in  a clay  crubibtej 
covered  with  a layer  of  carbon  black,  and  thoroughly  calcined 
means  of  a blast  burner,  _ _ V 

The  cHorlnatlon  Is  carried  cut  in  a quarte  tube  (20  bam, 
to  which  an  8-mm,  quartss  tube  Is  sealed  at  a 45*  aagle*  The 
narrower  tube  is  Inserted  into  a 150-ml-  dlstililng  flaak,  which 
serves  as  the  receiver* 

The  larger  tube  is  charged  with  the  TJO® 
entire  apparatus  is  dried  hy  fennlpg  with  a flam^  while  a.aSrewj!i 
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of  COi  is  flowing  through*  The  receiver  is  immersed  in  an  lce~ 
ssA  mixtun*  and  the  re&ctanta  are  slowly  heated  to  450 in  ^ 
of  01^  In  the  absence  of  a catalyst^  or  If  the  TiOg  is  in™ 
sufficiently  ground i heating  to  lOOO^C  is  necessary.  From  time 
to  time^  particularly  toward  the  end  of  the  run,  the  tube  section 
toetween  the  furnace  and  the  receiver  is  fanned  with  a flame  to 
distal  off  any  condensed  TlCU  and  to  prevent  plugging  with 
FeCl^*  At  a flow  rate  of  three  liters  of  Clg  per  hour,  the  reaction 
requires  4-S  hours  for  completion*  The  receiver  is  removed  and 
the  product  TiCU  is  freed  of  dissolved  Clg  (and  COClat  if  present) 
by  drawing  a stream  of  dry  air  through  the  tube-  The  yield  is 
about  40  g. 

i,)  A simple  laboratory  apparatus,  which  can  be  used  for  the 
preparation  of  most  anhydrous  chlorides  (solid*  liquid  and  gaseous), 
has  been  described  by  Kroll  (see  Fig.  294).  It  is  made  of  fused 
quarts,  which  is  better  than  porcelain  since  it  is  attacked  at 
much  higher  temperature  and  even  then  produces  only  a single 
contaminant  (SiCU)*  The  apparatus  consists  of  a single  tube  in 
two  sections,  one  wide  and  one  narrow,  and  containing  a cold 
finger  in  the  large- diameter  section;  the  latter  section  serves  as 
a condensing  chamber  for  the  distillate  or  sublimate.  The  heating 
arrangement  is  divided  into  two  parts.  The  heating  section  for 
the  narrower  tube  reaches  well  into  the  wldS’^tube  section,  to  pre- 
vent the  chlorides  from  condensing  Ln  the  transition  section.  The 
large- diameter  eaction  may  be  heated  slightly  If  the  need  arises; 
it  is  only  partially  covered  by  the  heating  element  and  its  e:q>osed 
part  may  be  cooled  by  placing  it  in  a wooden  box  filled  with  Pry 
l€^;  this  may  be  necessary  in  the  preparation  of  chlorides  which  are 
difficult  to  condense  (e*g. , BCl^)*  Chlorides  which  are  liquid  at 
nKim  temperature  (e*g^j,  TiCl4>  condense  on  the  cold  finger  and 
Dow  into  the  receiver,  the  reactor  in  this  case  being  slightly  in- 
clined. hfonvolatiJe  chlorides  deposite  as  solids  on  the  finger. 


Fig.  294.  Preparation  of  anhydrous  chlorides 
according  to  KroU,  The  main  tube  and  the  cold 
Unger  are  made  of  fused  quartz*  a)  reaction 
cbajnber;  h)  condensing  chamber.  Dimensions 
bn  mm, 

tnaterials  for  TiCl^  are  very  pure  TiOs  aud  sugar 
caldited  in  a stream  of  Clg,  then  the  prepurificatiou 
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22.  titanium,  zirconium,  HAF'NIUM,  thorium 

described  below  Iteooaiea  uimeceaeary.  The  solid  charcoel 
^ ^ chlorine  stream  also  oontalna  CCl* 

See  also  the  preparation  of  ZrCU* 

PRE:Pt]R(F[CAT10N 


The  crude  profhict  is  decolorized  and  contaminants  such  as 
FeCljf  VOClg,  etc.p  are  romoved  by  adding  X ^oiO\ipowdBi^ 
(Na  amalgam  or  Hg  may  also  be  used)  and  heating  the  liquid  to 
90"  100 "C  for  1&  minutes  with  occasional  shaMng, 

[If  Cu  tuTTiitigs  are  used,  the  amount  specified  above  must  be 
increased  tenfold*  Oleic  acid  and  its  salts  and  other  organic 
compounds*  in  quantities  of  less  than  1 Spare  also  efficient  decolor- 
izing agents  {C,  K,  Stoddard  and  E*  Ptetzp  U.  S,  Bur*  Mines  Bep* 
Invest.  4153.  40  ilBil)]. 

According  to  British  Patent  588*657  the  following  purtfloation 
procedure  is  particularly  well  suited  for  the  removal  of  traces  of 
vanadium*  The  product  containing  0,073%  V la  mixed  with  0*1%  of  Fe 
stearate  and  treated  with  H gS*  causing  precipitation  of  a biaok^brown 
sutflde;  the  latter  is  filtered  off.  The  TlCl^  then  contains  only 
0,002%  V,1 

After  heatlngwithcopper^  the  TlCU  is  cooled  and  suction-filtered 
through  a veiy  diy  filter  funnel*  and  the  fUtrate  Is  transferred  for 
further  5nirlficatlon  (removal  of  SICl^  and  dissolved  nonvolatile  hy- 
drates) to  the  distniatlcn  apparatus  described  below  (Fig*  395)* 


A}  ATMOSPHERIC  PRESSURE  DISTILLATION 

The  neck  of  distilling  flask  is  closed  off  with  a ground  stopper 
provided  with  a small  hook*  from  which  a thermometer  Is  sus’^ 
pended  on  a Pt  wire.  The  side  arm  passes  through  a condenser 
jacket;  a small  bulb  b (the  receiver  for  the  forerun)  and  an  outlet 
tube  c filled  with  PaO^  are  sealed  on  as  shown*  mthetottltl 
stage  of  the  run,  the  system  ends  in  a second  distilling  flask  a 
equipped  with  a hreak-seal  valve  f (see  Part  ItP*  53)*  via  which 
the  flask  is  later  connected  to  additional  pieces  of  glassware* 
The  apparatus  is  set  up  to  point  t and  flasks  a and  a are  dried 
fanning  with  a flame  while  a stream  of  air  is  passed  through 
Then  TiCU  is  placed  in  flask  p and  the  latter  is  heated  on  ^ ^ 
bath*  The  forerun  is  collected  in  h,  which  U then  sealed 
whUe  the  main  fraction  of  the  ntateriai  is  toto  ia 

then  sealed  off  at  d.  This  operation  is  folloflwd  by  ^ add^oaai 
distillation  at  atmospheric  pressure:  ^ 

to  the  system  shown  on  the  right  side  of  Fig.  ^ ^ 

the  apparatus  is  very  thoroughly  dried  ^ 

the  system  and  allowing  dry  air  to  enter.  The  thlh-wall  brealiJ-^eia 
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Is  thra  sh*tter«d  at  the  prescratched  point  g by  moving  the 
fc  to  means  of  a magnet*  The  forerun  from  this  distillation 
te  ooUocted  In  Jt  and  the  main  fraction  of  the  distillate  in  receiver 
H,  irlktch  is  then  melt-sealed  at  point 


Fig*  295*  Purification  of  titanium  (IV)  chloride 
by  distillation:  A)  at  atmospheric  pressure;  B) 
in  vacuum  > 

B)  VACUUM  DISTILLATION 

Vessel  m is  melt-sea ied  at  o to  the  rest  of  the  apparatus 
shown  in  Fig*  29SB^  and  the  entire  system  is  dried  by  fanning 
with  a Qame  while  a high  vacuum  is  maintained*  The  TiCl*  is 
then  introduced  into  m and  frozen  with  liquid  nitrogen  * the  break- 
seal  valve  fl  is  broken  by  the  method  described  above,  the  system 
Is  evacuated  to  lO""^  mm,  and  sealed  at  p,  A forerun  Is  collected 
in  r to  cooling  this  trap  and  gradually  heating  flask  m : the  con- 
nection to  r is  then  sealed  off.  The  main  fraction  of  the  product 
may  now  be  distilled  in  one  batcht  that  Is,  by  collecting  In  cooled 
receiver  sealing  off  at  and  repeating  the  vacuum  distillation; 
or  the  Ticl+  may  be  distributed  into  several  batches  and  collected 
to  traps  fi,  jg,  jg,  etc, 

raOFERTIESi 

Cotorless,  acrid  liquid;  fumee  strongly  in  moist  air* 
136"C;  d 1,73. 

almost  completely  on  soiutlDn  in  water;  if  the 
toriluJlJSto  is  depressed  by  addition  of  acid  or  if  only  small 
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Preparfl.tion : a)  Private  comm^catloa  from  Fischer  Hbih 
never  b)  W.  KroU,  Metell  u.  Era  2§.  101,  125  (lS39)j  see 
also  A,  Ko&ter*  Angew,  Chem*  69*  563  (1957}, 

Prepurification:  A,  V,  Pamfilov,  A*  S*  Chiu^akov  aiul  E,  G*  Stan- 

1^,  23S  (1935),  and  other  papers  ol 
A,  V,  Pamfllov  published  in  that  period. 

Distillation:  K,  Aril,  Sci*  Bep^  Tohoku  Imp,  Univ*  959  (1933)t 
the  apparatus  described  may  be  used  for  the  distillation  of 
other  highly  corrosive  liquids,  such  as  POClg,  SOCla^  etc* 
Purification  of  TiCl^  for  atomic  weight  determinations  Is  described 
by  G.  P.  Baxter,  J*  Amer*  Chem,  Sec*  45,  122S  (1923);  3117 

(1926);  E,  K.  Archibald,  The  Preparation  of  Pure  tnorganio  Sui>- 
stancesp  New  York,  1932,  p.  184, 


Ammonium  Hexachlorotitonole 


(NH,),lTi€W 

This  le  a good,  easily  measured  starting  materiidfor  preparing 
hydrochloric  add  solutions  of  titanium,  since  it  forms  concentrated, 
stable  solutions  tn  water  or  dilute  hydrochloric  acid* 


TiCb  + 2NR4G1  {NH|),[TiCl(J 

159.7  107  0 S90.T 


The  preparation  comprises  precipitation  of  (NH4)3[TtClaJ  froEEi 
an  HCl-snturated  solution,  using  a special  apparatus  ^diioh 
also  be  employed  in  many  other  syntheses*  _ ' _ 

A 200~ml*  wlde-neck  Erlenmeyer  flask  is  used  to  hold  lOO 
ml,  of  soiuticn*  The  flask  is  closed  off  with  a closely  Httl3a| 
three-hole  rubber  cap  {“fermentation  cap'*)*  A glass 
preferably  of  the  twist  drill  type,  is  Inserted  In  the  o^ter  hOlfe 
a drop  of  glycerol  Is  used  for  lubrication  and  gas  seal. 
of  a ground  Joint  sealed  to  a meiouiy-seai  agitator  is  also 
commended.  Laborious  centering  of  the  stirrer  is  avoided  and 
easy  assembiy  and  dismantling  of  the  apparatus  promot^ 
coitpiing  the  stirrer  to  the  motor  sluft 

The  direction  of  rotation  of  the  stirrer  is  such  tha 
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tto  Uwild  Is  pushed  down?  higher  agitation  rates  can  be  reached 
ylHi  urau^gement  without  danger  of  splashlngt  and  the  stirring 

te  *lso  Sdore  efficient*  ^ 

flask  is  by  a clamp  which  holds  it 

!■«  ODOltOff  bath  at  a depth  so  that  It  is  covered  with  coolaitt  to  just 
kntow  the  clamp  level  while  still  ieaving  enough  coolant  under- 
ttvath  the  flask  to  provide  cooling  of  the  bottom. 

inlet  tube  need  not  dip  into  the  solutiorij  since  the  rate 
of  alBo^tion  of  HCl  in  the  vigorously  stirred  liquid  is  so  rapid 
i it  is  almost  controlled  hy  the  input  rate  alone;  possible 
i of  the  inlet  tube  is  also  avoided  by  not  letting  the  tube 

^ dip^to  solution.  The  HCl  addition  rate  is  controlled  to  avoid  the 
; formation  of  a mist  above  the  stirred  mixture,  a point  at  which 
evaporation  losses  just  begin.  The  greater  the  stirring  rate,  the 
higher  the  rate  at  which  the  HCl  may  be  Introduced,  and  the  sooner 
the  end  of  the  run.  Complete  saturation  of  100  ml.  of  precipitation 
solution  r^ulres  less  than  one  hour* 

The  HCl  flow  rate  is  sharply  reduced  toward  the  end  of  the  run* 
The  progress  and  termination  of  the  HCl  absorption  can  be  followed 
meaiks  of  bubble  counters  inserted  ahead  of  and  behind  the 
precipitation  flask* 

The  HCl  generator  must  be  capable  of  yielding  a continuous 
stream  of  gas  and  must  also  allow  a wide  range  of  adjustment 
in  the  Qow  rate;  in  additioUj  it  should  be  easy  to  starts  give  an 
•ir-free  gas  stream  as  soon  as  possible  after  the  start,  and  stop 
generating  gas  shortly  after  being  turned  turned  off.  The  generator 
described  on  p*  280  fulfills  these  conditions  less  well  than  the 
apparatus  developed  by  W*  Seidel  [Chem,  Fabrik  U,  4D8  (1938)J, 
in  which  cone*  hydrochloric  and  cone,  sulfuric  acids  react  to 
give  a good  yield  of  HCl;  this  is  accomplished  by  dropping  the  acids 
separately  onto  a paokij^g  of  glass  beade^ 

If  oddy  small  quantities  of  HCl  are  required ^ the  most  con“ 
venient  generator  is  still  the  Kipp^  which  utilizes  the  reaction 
of  cooc*  aiUfuric  acid  with  lumps  of  NH^Cl^  particularly  since 
the  gaa  does  not  have  to  be  dried*  However,  foamiug  Is  quite  pro- 
Dotmeed  at  larger  HCl  flows* 

Returning  now  to  th*  precipitation  of  (NH4j^[TlCl]ai  gaseous 
HCl  is  introduced  at  0*c  into  a solution  of  6 g*  of  TICU  in  100 
hydrochloric  acid  containing  about  4 g*  of 
The  HCl  gas  1e  added  until  saturation*  Then  the  HCl  flow  Is 
but  stirring  le  continued  until  complete  precipitation, 
^prec^i^tion  rate  is  low,  t&eyeilow(NH4)arTlCl6l  is  obtained 
m of  coarse  crystals  averaging  0,1  mm* 

xljft  precipitate  is  separated  Irotn  most  of  the  mother  liquor  by 
*oc^  filtration  through  coarse  fritted  glass  (without 
aiiPi^lg  air  te  he  drawn  through  the  compound),  axid  the  crystals 
■■fit  pnuea  between  two  pieces  of  filter  paper.  If  an  asbej^tes 
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filter  is  used,  the  compound  must  be  repeatedly  boiled  with  cooo* 
hydrochloric  acid  and  then  very  thoroughly  washed^ 

PHOPEHTIES: 

Yellow  octahedra,  probably  of  the  K^PtClrf  structure*  May 
be  stored  for  an  indefinite  period  if  moistened  with  hydrochloric 
acid  and  kept  in  a closed  container;  on  washing  with  anhydrous 
ether  and  drying  over  cone,  H^SOi  in  a vacuum  desiccator,  de- 
composes with  pronounced  evolution  of  RCl*  In  moist  air,  forms  a 
white  hydrolysis  product,  which  is  unusual  In  still  being  soluble  in 
water, 

REFERENCES: 

A*  Rcsenheim  and  O-  Schiitte^  Z,  anorg^  Chem*  239  (1901): 
Wp  Fischer  and  W*  Seidel.  Z,  anorg,  ailg,  Chem.  2^*  333 
(1941);  Seidel  and  W.  Fischer*  Z*  anorg*  allg*  Chem, 
247.  367  (1941)* 


Ip 


Titenium  (IV]  Bromide 

TiBr* 

TiCL,  + 4HBr  = TiBr.^  4-  4HC1 
JS3J  iaa.-?  36".fl  H5,8 


Due  to  the  long  time  re^juired  (30  hours),  the  original  method 
described  by  Thorpe  in  1856  (bubbling  of  RBr  through  warm  TlCl^ 
until  the  boiling  point  of  the  solution  equals  that  of  TiBr+)  has  been 
modified  as  follows* 

Receiver  h of  the  apparatus  shown  in  Fig*  296  is  oooled  with 
liquid  nitrogen  or  Dry  Ice,  and  pure*  dried  HBr  is  condensed  in 
until  enough  liquid  is  present*  The  section  above  d is  then  broken 
off,  TiCU  is  added  to  and  the  apparatus  is  reaealed  at  e. 
Stopcock  / is  closed*  t is  opened,  and  TiCl*  Is  slowly  distilled 
into  container  t*  which  is  cooled  with  Dry  Ice;  the  initial  reaction 
is  quite  violent*  By  periodically  removii^the  it  is 

aible  to  bring  the  reaction  to  completion.  The  gns  m^e 
{essentially  HCl)  is  vented  through  stopcock  u wMe  ^ 
condensed  in  c by  proper  cooling.  The  mixture  is  allowed  W 

to  room  temperature  in  order  to  accelerate  the  re^Uo®,  ^ 
tee  condensation  of  fresh  HBr  into  the  flask 
times.  FinaUy.  vessel  b,  which  contains  an 
crude  productf  is  sealed  off  at  g;  if 

at  point  A to  a distillation  apparatus  (such  aa  tee  one  dcecritoed 
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Ik*  pWi»rM*on  of  TilJ  «nd  the  TlBr*  further  purlfled  hjr 
disUlletloo- 


Fig.  296.  Preparation  of 
titanium  (IVJ  bromide. 


n.  TiOf  + 2C  + 2Br«  = TiBr^  + 2CO 

79.5i  24.0  367.fi  56,0 

The  already-described  method  of  preparation  of  TiCi4  is 
modified  only  to  the  extent  that  the  stream  of  Cla  is  replaced  by 
dry  COa  mbich  passes  through  a 60 ‘'C  wash  bottle  containing 
135  g,  of  Brai  the  bromine-saturated  COa  then  passes  over  the 
reaction  mixture  (30  g.  of  TiOs  + 15  g.  of  ivood  charcoal),  which 
is  heated  to  about  600*’C.  A mixture  of  TiBr^,  CBr^  and  &ee  Brs 
collects  In  the  receiver.  The  last  two  products  are  distilled  off 
In  a stream  of  pure  CO^  bubbledtbroughthe  melt,  leaving  the  TiBr4 
as  the  residue.  Cooling  to  room  temperature  produces  a solid 
mass,  which  may  be  purified  by  multiple  distillation.  The  yield 

isao^ 

nt  Ti  + asr,  = riBri 

^7,9  319,7  367.5 

If  metallic  Ti  is  available,  the  compound  may  be  easily  syn- 
tbeelsed  from  the  elements  (see  the  procedure  for  the  preparation 
rf  Htitnfum  dlbaltdes).  A weighed  amount  (5-6  g,)of  freshly  dis- 
tilled Brg  is  placed  in  a thick-wall  quartz  tube  cooled  with  Dry 
loe,  crude  T1  is  added  (somewhat  more  than  'the  statchiometric 
jjUiiitty),  and  the  tutoe  Is  sealed  under  high  vacuum.  The  Bra 
to  meU  on  removal  of  the  coolant;  the  reaction,  starts  im- 
y**j'^**'^r  ““1  flames  appear.  After  completion  of  the  reaction 
“ •**®  *®  ^«aed  and  the  TiBr*  is  distilled  off;  It  may  be  purified 
ftgr  dfetlUation  (see  Tit^}. 
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PROPERTIES: 

^ctahedral  crystals,  M.p*  40*C*  lh.p*  230^0; 
d 3*25,  Extrejo^ly  hygroscopic,  absorbs  moLsture  With  hydrolvtfo 
Recomposition,  very  readily  sol\tblo  In  alcohol^  moderately  la 
ethe^^  soluble  in  34%  hydrobromlc  ftcLd  and  in  cone,  Iw^^^hlorlc 
acid.  Crystal  structure:  type  Dlj, 

asrE^RCNCES; 

I.  W.  Biltz  and  E.  JCaunecke.  z.  anorg.  allg,  Chem.  147, 171 
(192S);  W.  Klemm,  W.  Tilk  and  S.  von  Miillaabeim.  Z<  anorg. 
Chem.  176,  1 (1928). 

II.  See  also  J.  C,  OLaen  and  E.  P.  l^an,  J.  Amer.  Cliem.  Soo. 
54,  2215  (1932),  as  well  as  H.  C.  Young  In:  W,  C-  Fernellus, 
Jnorg.  ^ntheses,  Vol.  II,  New  York- Loudon,  1946,  p,  114. 

m.  See  also  J.  M.  Blocher  Jr„  H.  F.  Bolsten  and  1,  E,  Cambell. 

J.  Electrochem.  Soc.  10|,  553  (1957). 

Purification  of  TiBr*  for  atomic  weight  determination  is  described 
by  G,  P.  Baxter  and  A.  Q,  Butler,  J.  Amer.  Chem.  Soc.  50,  40S 
(1928);  E.  H.  Archibald)  The  Preparation  of  Pure  Inorganic  Sub- 
stances, New  York,  1932,  p,  185. 


Zircon tum  [IV},  Hafnium  [iV]  and  Thorium  [fV) 
Chlorides  and  Bromides 

ZrCh,  HfC!,,  ThCL;  ZrBr,,  UfBr„  ThBr, 


ZrCi, 


ZrOt  + 2G  + 2Cli  = ZtCI*  + SCO 
123,2  24.0  141^  233-0  5S.0 


An  intmnate  mixture  of  one  part  of  pure  ZrOg  and  two  parts  of 
calcined  carbon  black  or  sugar  charcoal  Is  placed  In  a porcelain 
boat  and  heated  at  500 "C  in  a stream  of  Cig! P’'’^^®rably, 
Zr02  with  no  admixtures  is  chlorinated  in  a Clg-CCl*  gas  mixture 
produced  by  passing  Clg  through  a wash  bottle  (70*C)  filled  with 
ecu.  The  initial  chlorination  temperature  is  350 *C>  but  is 
gradually  raised  to  700*C. 

The  equipment  is  similar  to  that  described  on  p,  889  for  the 
preparation,  of  Beds,  except  that,  when  working  with  Clg-^CCU, 
a trap  for  the  unreacted  CCU  must  be  Inserted  in  line  afer  tube 
A.  Since  ZrCU*  which  sublime  at  33l"C,  is  dimoultto«- 
condense,  it  is  advisable  to  use  a long  tube  (600 
of  Vycor.  The  additional  resublimation  at  300-350  C is  carried 
out  in  a stream  of  Ha,  a treatment  which  more  effectively  remew^ 
tbe  oxide  and  FeClg  present* 


p.  tHRLlCH 


iw#ttorfr  Th©  icdustilftl  <shlortnfltlo&  of  Zj^  prfip&rocj 
XtSl04  t6  doscrlbod  by  W,  J-  Kroll  et  al.  [Trane.  Electro- 
SOO.  (W«>r  1S7  (1947);  J.  Eleotrochetn.  Soc.  W, 

1 (IMS)].  ' 


MKIPBKTIES^ 

Wbite  crystalline  powder.  Sublimation  point  331“Cr  m.p,  (under 
nressure)  438 *C;  d 2.8Q,  Yields  a mist  of  Hydrochloric  acid  in 
moist  air;  violently  decomposed  by  HgO,  forming  the  OJtychloride. 
Solulde  in  alcohol  and  ether.  Ci^stal  structure;  D X^. 

Hfcunia. 

The  same  general  method  is  used  for  HfCl^  and  'TIiCIa;  in  the 
ease  of  ThCU.  the  Cla-CCl*  mixture  should  be  replaced  with 
Cla-SCla.  since  this  allows  reducing  the  temperature  to  700"C 
instead  of  900 ‘C. 


3&rVi«  UlBki,  ThBr4 

The  preparation  of  the  bromides  in  a Brg-saturated  nitrogen 
stream  requires  high  temperatures  If  practical  reaction  rates 
are  to  be  achieved.  The  oxide- carbon  mixture  must  usually  be 
heated  to  about  1X00*’C;  this  temperature  is  easily  attained  with 
a gas-air  blast  burner  provided  the  quartn  reactor  Is  embedded 
inporousj  refractory  gravel  (^'Diatomite'’  gravel). 

The  preparation  of  HIBriandthe  lower  bromides  HiBr^  and HfBtt 
is  described  la  W.  C.SchumbandC.K.  Morehouse,  J,  Amer,  Chem, 
Soc.  2696  (1947). 

BErEnENCrs: 

D.  Lely  and  L,  Hamburger,  Z.  anorg.  Chem.  87,  209  (X914)( 
A,  Voij^  and  W,  BUtz,  Z.  anorg.  allg.  Chem.  1^.  277  (1924)  ( 
O.  ifdnigschmidi  E.  Zintl  and  F,  Gonzalez.  Z.  anorg,  allg. 
Cbem.  139.  293  (1924);  J,  H.  deBoer  and  J,  D.  Fast,  Z,  anorg. 
allg.  Cbem.  187,  177  (1930);  w.  Fischer,  R,  Gewehr  and 
H.  Wlqgcben,  Z,  anorg.  allg.  Chem.  181  (1939);  3,  P. 
CmighUn  and  E.  C.  King.  J,  Amer.  Chem.  Soc.  72,  2262  (1950) ; 
Cor  the  bromides,  see  also  R,  c.  Young  and  H.  G.  Fletcher 

!?2^b***  Inorg.  SyatheaBB,  Vol.  l,hfow  York- London, 

1939,  pp.  49.  51. 


Thorium  Chloride 
Tha,-8H|0 

tltorlum  hydroxide  in  excess  hydrochloric  acid 
frppoMua  until  eirupy  and  Is  then  allowed  to  cool  and  crystallize. 
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Further  purification,  In  particular,  removal  of  Fe  and  SiOg^ 
is  best  acMoved  by  shaking  with  an  ether  ^aqueous  hydrochloric 
acid  mixture.  The  experimental  arrangement  Is  the  same  ae 
described  for  the  preparation  of  tNR*)a[TlCl*)i  p.  11S9- 

The  crystals  are  dissolved  in  the  minimum  quantity  of  6N  HCi, 
filtered  through  asbestos  * and  shaken  twice  with  ether  to  remove 
the  iron*  Silicic  acid  precipltatea  during  the  evaporation  and  is 
also  filtered  off.  The  filtrate  is  cooled  to  O^C,  and  HCl  gas  Is 
passed  through  until  saturation.  An  equal  volume  of  ether  Is  added 
and  the  mixture  is  treated  with  additional  HCi  until  homogeneousHp 
Pure  white  crystals  of  ThCl^  * SH^pciystallize;  theas  are  fltferedt 
washed  with  ether,  and  dried. 

PROPERTIES- 

Formula  wei^t  518^08.  Deliquescent  in  moist  air,  readUy 
soluble  in  water  and  alcohol.  Soluble  in  ethytenedlamlne^ 

REFERENCES: 

G,  B,  Kremer.  J.  Amer*  Chem.  Soc.  64,  1009  (1942)i  T*  Muntyap- 
pan.  Master's  Dlesertation,  University  of  UlInolB,  19S5* 


Titonium  [IV),  Zirconium  (IV}  end  Thorium  (IV)  Iodides 
Xa,(ZrI„'I1»Td 

Syntheses  1 and  0 (described  below)  start  fcom  crude  Tt 
(prepared  from  TiCU  an<J  Na),  which  Is  aUowed  to  react  with  la 
vapor,  while  In  method  III  a commercial  fine  Ti-Al  alloiy  powder 
(Altam  70%,  i.e.,  containing  70%  Ti)  is  boiled  in  a solutton  of  la 
in  CSa.  Upoii  removal  of  the  solvent,  the  A0a  1®  hound  In  a non- 
volatile complex  KAIT4,  while  the  TIU  is  dlatfllad  off.  This  method 
Is  recommended  for  larger-scale  preparations. 


T*  + 23.  = Till 
47.9  syt.t  5K.0 


1.  Crude  Tl  (30  g.)  Is  treated  with  dilute  hydrofluoric  acid,  wasted 
with  distilled  water  and  alcohol,  and  dried.  It  is  tten  pla^tln 
the  center  bulb  e of  the  apparatus  shown  in  Fig.  2&7,  which  is 
sealed  off  at  f as  close  to  the  bulb  os  possible.  Ite  apparatus  ^ 

made  of  high-melting  gJasB, 

highest  purity  Is  to  he  obtained.  Filling  tube  a is 

a rubbe?  stopper;  the  system  is 

With  a flame  while  vacuum  is  malntaliMd*  The  stopper 
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Fit  Preparation  of  tltaixlum  (IV>  iodide  according 

to  tbe  method  of  Blochor  and  Cami*eU, 

ts  i*moved  for  a arhUe.  and  dotibly  sublimed,  carefully  dried  Ig 
IMK>  g } is  added  via  tuhe  a.  The  l^is  melted  and  transferred 
•s  a melt  into  bulb  f,  ivhich  Is  then  sealed  off  at  b.  Bulh  c is 
cooled  with  Dry  ice;  the  system  ts  evacuated  to  10"®  mm.  and 
sealed  at  i.  The  center  bulb  Is  heated  to  525 "C,  and  the  two  side 
are  alternately  heated  and  cooled  with  air,  to  produce  a 
stow  stream  of  Ig  vapor  which  flows  back  and  forth  over  the 
heated  metal.  The  reaction  is  complete  after  three  passes.  The 
omversion  is  quantitative,  based  on  the  metal  content  of  the  Ti. 
Koametallic  impurities  are  left  as  a residue  in  if  the  campound 
is  to  be  re  sublimed  or  subdivided  Into  portions,  additional  bulbs 
are  fused  onto  h as  described  in  the  preparation  of  BeClg  8B9). 


IL  ff  a particularly  pure  product  is  desired,  one  may  proceed  as 
follows;  2 g,  of  Tl  powder  is  placed  in  section  <i  of  the  Pyrex 
apparatus  shown  in  Fig,  298  and  heated  for  one  hour  at  500 ‘’C  In 
high  vacuum  (provided  by  a pump  attached 
al  o).  The  material  iB  then  cooled  to  room 
temperature,  and  thin  glass  partition  d Is 
bEokeu  means  of  a magnet  and  steel  ball 
g (vhlcb  Is  then  removed  from  the  system  by 
sealing  off  at  A):  bulb  which  contains  10  g, 
of  Is  thus  connected  to  the  rest  of  the  ap- 
tnrabLB^  The  latter  1s  now  sealed  off  at  i and 
the  pomp  is  turned  off.  The  1^  vapor  reacts 
Iwnedlate^  (sometimes  slight  heating  is 
necessary)  with  the  Tl  to  give  a quantitative 
field  of  TJI*  (In  the  preparation  of  Zrl4,  it  is 
noceesary  to  heat  the  apparatus  for  several 
hwiTB  m an  elect  rlc  furnace  at  200  *C),  When 
the  reaction  is  complete^  the  apparatus  is 
sealed  off  at  m<  After  breaking  partition 
the  gnsea  UberaJtsd  during  the  reaction 
moored  by  means  of  a blgh-vacuum 
connected  ai  The  system  Is  re-* 

^ the  TII4  iB  sublimed  from  n 
^ hf  heallhg  tbe  former,  and  conetrlG'^ 

^ ■ l«  0Mlsd  Off.  The  pump  may 
mosoted  at  p^ebroken,  andaiy  gas 


Fig,  2&&,  Prepara- 
tion of  titanium  (IV) 
Iodide  according  to 
Fast:  d,  0 and  f are 
break-seal  valves; 
f Is  a steel  ball* 
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evolved  during  the  sublimation  removed.  The  compound  may  then  be 
removed,  as  desired,  through  p.  If  the  Til*  is  to  be  stored*  tb« 
system  Is  sealed  off  at 

The  preparation  of  ZrU  or  ThU  is  similar* 

in.  in  the  method  of  Blumeuthal  and  Smith,  the  apparatus  (Fig,  2&9> 
consists  of  a two- liter,  long- neck,  round-bottom  flask  a,  two  smnUer 
round-bottom  flasks  h and  c (500  ml.,  250  ml,  respectively),  a 
condenser  and  a receiving  flask  d (250  ml.)*  The  multihole 
rubber  stopper  in  the  large  flask  carries  the  following;  1}  an 
annular  heating  device  consisting  of  a.  glass  tube  g which  terminates 
at  the  bottom  In  a closed  sphere;  steam  Is  Introduced  via  a thin 
Inner  rubber  tube  which  reaches  down  to  the  sphere;  2)  a dropping 
funnel;  3)  a reflux  condenser;  and  4)  a glass  tube  with  a larger^ 
diameter  filter  section  (the  latter  Is  In  flask  a and  is  filled  with 
glass  wool).  All  openings  to  the  atmosphere  are  protected  with 
diylng  tubes  fOled  with  silica  gel.  Before  the  start  of  the  prep- 
aration, 10  g,  of  KI  la  placed  in  flask  B,  The  apparatus  ts  as- 
sembled and  dried  by  fanning  with  a flame  while  a stream  of  air 
Is  drawn  through.  The  rubber  stopper  Is  raised  rapidly  and  127  g* 
of  Ig,  dissolved  in  600  ml.  of  CS^p  and  50  g,  of  finely  powdered 
Altam  70%  alloy  (equivalent  to  1/2  mole  of  free  Ti*  the  remainder 
being  the  oxide)  is  added  to  flask  o.  The  solution  is  brought  to  a 
boil  by  passing  a team  through  the  heating  device.  The  heating  Is 


tlM 
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ooutlBued  for  one  hoor 
^punlttntlve  formstlon  of 


with  ocoeelon&l  sh&Idng,  resulting  tn 
tbe  Iodides  (TII4  and  Alla).  These  ate 


mlSre  is  cooled  to  worn  temperature  and  compressed  dry 
alt  la  totroduoed  via  the  reflux 

thcwigh  the  glass  wool  filter  and  Into  flask  h.  This  tr^fer  1b 
cu^  out  In  stages,  slnoe  the  iodide  so^tion  in  flask  b must 
be  conoeutrated  from  time  to  time  by  distiUing  excess  CS,  into 
fianir  rJ,  Finally,  three  lOO-ml.  portions  of  CS,  are  added  to  rinse 
out  the  last  traces  of  product  in  a.;  these  are  also  transferred  to  hi 

The  rubber  connection  c is  closed  off  with  a clamp  and  flask  a 
Is  removed  from  the  ^stem.  Flasks  b and  c are  heated  in  a 
water  bath  to  80*C  until  all  the  CS3  distills  into  d,  A slow  stream 
of  dry  Ns  Is  introduced  through  stopooek  f,  and  flask  b Is  strongly 
heated  with  a burner  while  flask  c 1b  cooled  with  cold  water; 
this  causes  the  AUg  to  react  quantitatively  with  the  KI  to  form 
nonvolatile  KAII^  the  Til*  meanwhile  distills  into  c.  The  dis- 
tillation is  ended  when  colored  vapors  can  no  longer  be  observed. 

The  crude  product  (80%  yield)  contains  95.1%  TII4,  4.6%  free 
la  and  0.3%  iodides  of  other  metals.  Since  98%  of  the  CS3  is  re- 
cycled, and  since  KI  and  la  may  be  recovered  from  the  KAII* 
melt  by  air  oxidatlou: 


4 KAH,  + 3 o,  - 4 KI  + a:,o,  + 61., 

the  process  Is  suited  for  the  preparation  oflarge  quantities  of  TiU. 

IV,  Alt€mate  jn^thod;  If  metallic  Ti  Is  not  available,  Til*  may  be 
prepared  by  the  method  of  HautefeulUe  (1867).  The  procedure  is 
similar  to  method  I for  the  preparation  of  TiBr*, 

The  tetraiodides  of  Ti,  Zr  and  Th  may  be  produced  from  the 
oxides  with  the  aid  of  Allg. 


FnOPCtrriES; 


Rethrown  octabedra  ciystalUzlng  In  ^pe  n 1 but  trans- 
tormed  on  prolonged  storage  to  a modification  with  a lower  degree 

3V7“C;d4,40.  Fumes  atrongly  la 
, V s rapidly  in  water  with  hydrolytic  decomposition. 

lEFEbENCEB: 

**  Amer.  Chem.  Soc.  6£, 

SI423  ^ H.Tannehberger.  MonatsiuChem. 

m!  W B 2®.  i46  (1938). 

IV,  W*  Blitz  and  E Chexn.  42,  243  (1960). 

IV,  w.  BUtz  and  E.  Keuneoke.  2.  aj^org,  aUg.  cW  U?,  171 
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(1925);  W*  Klemm*  W.  Tilk  and  von  MtiUehhfilm^  aiioxg. 
allg.  Chem.  ITS,  1 {1928);  M.  CbalgnoAu.  Comptes  Bendns 
Habd.  Stances  Aoad.  Scl.  2^^  263  [1956);  Sl  Ramamnrtlqr. 
J,  SeU  Induatr,  Eas*  14B,  No.  S*  414* 


Tjtnnitjm  (IM]  Oxychloride 
TiOCI 

TiO,  -E-  2TiCli  = STiOCl  + TiCU 

79.9  OOS.5  ieS-7  159.7 

A quarts  tube  is  thoroughly  baked  v^blle  under  hl^  vacutw.  K 
ta  then  charged  (under  a nitrogen  blanket)  with  TlCi^  (^0%  eoccese) 
and  TIO 3.  The  tube  Is  evacuated  (1D~^  inm.),  sealed  off  and 
placed  in  a furnace  with  a temperature  gradient  so  that  one  third 
of  the  tube^  containing  the  TlOg^TlClg  mixture^  ts  at  650*C  while 
the  remainder  Is  at  55Q^C,  The  reaction  ends  In  about  12  hours; 
the  excess  TiClg  and  a small  amount  of  yellowish-brown  oryetals 
of  TlOCl  pass  Into  the  cold  zone.  The  hot  sscne  contains  a brown* 
finely  crystalline  cake  of  TlOCl,  If  heating  in  the  temperature 
gradient  is  continued  for  several  days  all  of  the  TlOCl  migrates 
to  the  colder  zone  and  deposite  as  beautiful  long  oryatals*  The 
TiOCi  is  Isolated  by  distilling  the  T1C1+  Jhto  the  empty  half  of 
the  tube,  freezing  it  there,  and  cutting  the  tube  In  two*  The  mixed 
crystals  of  TlOCl  and  TiClg  are  then  treated  with  dlmetbyl- 
formamlde,  In  which  TlClg  dissolves  readily,  forming  a blue 
solution.  The  TiOCi  residue  is  repeatedly  washed  with  dimethly- 
formamide,  followed  by  alcohol  and  ether*  and  dried  In  vacuum* 

The  compound  may  also  be  prepared  by  a similar  procedure 
via  the  reaction  of  TlClg  with  Fe  SlOg,  HaO  or  O3. 

PKoPEETiegj 

Golden-yellow  to  red-brown  crystals;  decomposes  slowly  inalr* 
Decomposes  to  TiO  3 and  TICU  on  heating  In  an  open  armeallng  tube* 

H*  Schafer,  F.  Wartenpfuhl  and  W*  Welse*  Z*  anorg.  aUg.  Cham, 
295.  268  (1958), 


Titonium  (IV)  Oxychloride 
TiOCtg 

L 3TiCl*  + AsjO,  = 3 TiOCi.  + 2 Asa, 

189*7  197^ 

An  excess  of  TICU  to  treated  with  resulting  In  a 

exothermic  reaction  which  goes  to  completion  If  caking  of  ^ 


tito 
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. . Thft  vollowiah  substance  obtained  la 

***  *”t  *uaRh(nir  with  absolute  pentane  or  CC 1*.  Eoaldual 

The  product  contains  traces  of  arsenic, 

» TiCli  + C'lO  = TiOCU  + 2Cti 

is^.:  se.<) 

A stream  of  Cl^O  diluted  with  diy  0^  Is  Introduced  through  a 
laiee-dlameter  inlet  tube  Into  a two’neck  250-ml.  flask  containing 
ab^lOO  ml.  of  TICU  (the  TlCU  Is  dlatllled  into  the  flask  under 
conditions  of  complete  exclusion  of  moisture).  The  gas  Is  prepared 
by  passing  a stream  of  Os-Clj,  predried  with  P^Ob,  over  HgO. 
The  latter  is  contained  in  a glass  tube  provided  with  a cooling 
lacfeet  and  able  to  rotate  (Liebig  condenser). 

Plugging  of  the  inlet  tube  with  solid  TiOClg  is  prevented  by 
wHng  a glass  spatula  to  the  bottom  of  the  flask  in  such  a way 
that  it  projects  a few  centimeters  into  the  tube.  Occasional  ro- 
tation of  the  flask  around  the  inlet  tube  then  keeps  the  latter  free. 

The  Og-CljO  mixture  is  bubbled  in  until  the  formation  of  a 
ciystalUoe  paste  makes  this  impossible.  The  mixture  Is  allowed 
to  stand  overnight,  whereupon  any  small  quantity  of  hypochlorite 
still  present  decompbses  to  Cl  ^ and  additional TlOCl 3,  The  product 
is  filtered  in  the  absence  of  moisture  and  washed  several  times 
with  high- purity  CCU  which  has  been  distilled  over  PgOg;  the  pro- 
duct Is  freed  of  the  CCI4  by  evaporating  the  latter  in  a stream  of 
a dry  gas,  and  is  then  kept  in  vacuum  for  a short  time. 

The  yield  is  practically  quantitative,  based  on  CI3O;  based  on 
TfCl*aotuaily  used,  it  is  about  50%. 


PROPEFTIES: 


Pale  yellow,  hygroscopic,  ciyatalllne  powder.  Sparingly  soluble 
in  CCI4,  benzene  and  atmilar  solvents,  moderate^  soluble  In 
ethyl  acetate,  readily  soluble  in  ethereal  hydrochloric  acid  (de"* 
composition).  Hydrolyzes  in  moist  air,  giving  a white  color, 
DiBsociatlon  to  TICI4  ami  TiOg  begins  at  180 *C,  d 2.45, 
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Zirconium  Oxychiorido 


t*  unknown.  Of  the  existing  hydrates 
•»  z.  a,  S,  « and  g melee  of  h,0.  the  last  is  the  rno^impotmt 


TITANIUM,  ZiNCONIUMp  HAFNtUMi  THORIUM 


izu 


gince  It  qryfltallt3;eB  as  a sparingly  soLubLe  compouiid  froiD  aqueou 
solutions  containing  HCU  In  a solution  contatnl^  about  1«2  g*  of 
ZrOClj-SHaO  per  lOQ  ml,  of  the  flat  nUnitmim  seetton  of 
the  solubility  curve  corresponds  to  a concentration  of  7-8  moles 
of  HCl/llter  at  0*C,  The  ootahydmte  Is  readily  recrystaUlzed  and 
can  therefore  be  prepared  in  very  pure  form. 


PREPARATION 


ZrOi  ZrOCb  -SHrO 
IZ3.2  322.3 

l,  Since  zircon  ZrSlO^,  a mineral  found  In  nature,  is  more  difficult 
to  work  wlth^  it  Is  better  to  start  from  zirconla  ZrO^  fbaddeleiyite), 
which  is  calclnedp  finely  ground  {the  coarser  particles  are  screened 
off  with  silk  gauze},  converted  to  the  sulfate  by  evaporation  or 
treatment  for  several  days  with  an  excess  of  warm  cone. 

The  solid  resldue»  which  consists  of  Zr(S0+)4  and  unreacted  ZrO,, 
is  taken  up  In  water  (the  solid  ia  added  in  small  portions  to  prevent 
heating  of  the  solution).  The  sulfate  dissolves  slowly^  and  its 
solution  may  be  aided  by  acidising  the  water  with  some  hydro- 
chloric acid*  The  resultant  millty  suspension*  which  cosstatoe 
solid  undlsaolved  ZrO^  and  SlO^  (or  ZrS104),  Is  allowed  to  stand 
for  several  hours  and  filtered. 

The  weakly  acidic  sulfuric  acid  solution  Is  precipitated  with 
ammonia  and  the  hydroxide  Is  filtered  off*  If  the  precipitate  still 
exhibits  a high  SI  content,  It  is  dissolved  In  cono*  hydrochloric 
acid  and  the  solution  is  evaporated  to  dryness;  this  procedure  is 
repeated  several  times.  On  redlssolvlng  in  water*  SlO^and  some 
basic  zirconium  chloride  become  the  insoluble  residue.  If  no  Si 
is  evident  In  the  hydroxide,  the  fresh  gel  la  dissolved  in  cold 
hydrochloric  acid  and  the  oxychloride  Is  allowed  to  oiyBtalllaie  by 
adding  cone,  hydrochloric  acid  or  saturating  with  HCl,  The  ciys-^ 
tals  are  filtered  and  washed  with  8N  HCl. 

IL  When  the  starting  material  Is  high  in  SIOa  and,  in  general,  l£ 
a platinum  dish  is  available,  the  may  be  evaporated  with  a 

mixture  of  couo.  HaSO*  and  40%  l^drofluoric  acid  instead  of  with 
pure  HaS04,  The  temperature  required  for  this  procedure  is  lower 
than  in  the  preceding  method-  The  subsequent  steps  are  ae  de- 
scribed in  method  h 

m.  The  octahydrate  ZrOCla'S^p  may  also  be  prepared  M 
follows*  A suspension  of  freshly  precipitated  zirconium  hydroxide 
in  HgO  Is  dissolved  In  coid  dilute  hydrochloric  acid;  after  fllteri^ 
the  ZrOCla-SHflO  is  eiystallized  by  evaporation  (if  neoessaiy*  py 
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eone.  hydrochloric  aold).  The  startlas  zirconium  hydroxide 

Is  propsrod  by  praolpltatlng  a solution  of  KaZrFe  with  anmionU; 
the>Sclp4ttte.  wblch  coBtalna  a basic  fluomde,  must  to  treated 
for  time  with  cone.  H^SO^  (to  remove  the  HP)  and  re- 

dissedved  in  HaSO*.  The  pure  hydroxide  la  precipitated  with 


^Doonia. 

TV  ZrCli  is  dissolved  in  water  {do  not  heat  to  dissolve-^  If 
necessary,  add  some  hydrochloric  acid);  the  solution  is  filtered 
and  the  oxychloride  Is  precipitated  by  making  the  solution  7-8N 

InHCU  , , , . , 

The  crude  chlorination  products  of  those  zircomum-contaming 

minerals  that  are  difficult  to  break  down  must  be  rechlorinated  with 
Cl  a at  l€O0*C,  yielding  crude  chlorides,  which  can  then  be  purified 
vift  method  IV. 


PREP\RATfON  PV  RECRVSTALUZA HON  OP  THE  OWCHL.ORIDF 


V.  The  fact  that  ZrOCla-SHaO  dissolves  readily  in  water  and  is 
insoluble  in  7-SN  (25-30%)  hydrochloric  acid  allows  this  com- 
pound to  be  used  as  an  intermediate  in  the  purification  of  Zr 
salts*  Although  complete  isolation  of  zirconium  cannot  be  achieved, 
this  method  eliminates  not  only  Al,  Pe^  Wto^  Ta,  the  rare  earths 
and  many  other  elements,  but  also  Ti,  the  removal  of  which  other- 
wise Involves  great  difficulties.  Thus*  for  example,  the  A1  content 
may  be  reduced  from  0.035%  to  0*0015%  by  only  one  rectystalliza- 
tion;  the  decrease  in  Fo  content  Is  of  the  eaine  order  of  magnitude. 
Bepnecipitation  of  the  oifychlorlde  la  thus  more  effective  than  that 
of  the  sulfate,  described  on  p*  1232. 

Since  the  molar  solubility  of  HfOCl^.SH^O  is  identical  to  that 
of  the  2r  Sait,  the  Hf/  Zr  ratio  remains  unohahged^ 

The  strongly  acidic  HCl  solution  of  ZrOCla-  SH-jO  ia  evaporated 
on  a water  bath  until  crystaUiKation  Is  Incipient  and  Is  then  treated 
with  an  equal  volume  of  cone,  hydrochloric  acid;  the  mixture  is 
heated  (do  not  allow  too  much  HCl  to  escape)  and,  if  necessaryj 
by^drochloric  acid  is  added  to  the  warm  mixture  until  solution 
Is  wmpiete  and  the  mixture  contains,  at  most,  39  g*  of  oxychloride* 
^ 100  ml.  The  solution  is  Tnechanioally  stirred 

and  Ue  temperature  is  allowed  to  drop  to  a point  where  it  still 
feels  warm  to  the  hand;  It  is  then  cooled  with  Ice.  After  stirring 
for  30  minutes  at  O'Cp  the  product  Is  filtered  through  a madfum- 
parosUy  fritted  glass  and  washed  with  2S%  hydrochloric  acid  pre- 
cooled to  O^C. 

Still  contains  about  1*5  g.  of  the  oxychloride  {or 

M «,  of  ZrOj)  per  100  ml. 

eivea  a tess  complete  precipitation.  One 

pm«od»  as  follows. 


2a.  TITANIUM,  ZIRCONIUM,  HAFNIUM*  THORIUM  12)9 

First  25  g.  of  ZrOCl^-  Is  dissolved  Id  a mixture  of  6 mL 
of  cone,  hydrochloric  add  &nd  100  ml,  of  The  aoltltioil  il 
heated  to  70^C  and  filtered.  The  filtrate  Is  concentrated  to  75  ml. 
and  allowed  to  cool  wlthoput  etlrring*  The  crystallizing  salt  ie 
suctlon-fiitered  on  a fritted  glass  and  washed  with  a cold  1:1 
alcohol-cone,  hydrochloric  acid  mixture^  In  which  the  oxychloride 
is  very  sparingly  soluble.  The  yield  is  10  g.  of  purified  material; 
an  additional  7 g,  may  be  recovered  from  the  mother  liquor  by 
further  evaporation  and  crystallization. 


SYNONYM: 

Zirco^yi  chloride. 

PHOPERTIES: 

Tetragonal  prisToa  or  needles.  Deliquescent  In  moist  air* 
evolves  HCl  and  becomes  duU  In  dry  air.  Soluble  in  H*0  (sBght 
hydrolysis)  and  alcohol.  Lower  hydrates  are  formed  on  heating 
in  a stream  of  HCl,  Liberates  HCl  on  heating  in  air  and  the  solu* 
billty  In  water  is  gradually  lost;  reverts  to  the  oxide  on  calcination. 

Precipitation  of  an  alcoholic  solution  with  ether  or  acetono 
yields  dizirconyl  chloride  ZraO^Cla-SKaO*  which  ts  aparingjy 
soluble  fn  water « The  same  compound  deposits  when  a dilute 
aqueous  solution  of  zircouyl  chloride  is  allowed  to  stand  for 
a month. 


Hafnium  Oxychloride 

The  preparation  and  properties  of  HfOCl^- SHaO  are  virtually 
identical  to  those  of  the  Zr  compound, 
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Lower  Titonium  Oxldei 
T!0,  Ti,0, 

L The  surest  preparstJon  of  defined  lower  T1  oxides  involves 
slnterins  with  metsUIc  Tl. 

Ti  -r  3TiO,  ■'  ^TiiOji  Ti  ^ TiOj  2TiO 

47.9  -sT.s  'ns 

Filings  are  prepared  from  a Tl  sheet  and  ground  to  pinhead 
size-  a magnet  is  used  to  free  them  from  the  Fe  picked  np  during 
the  ’machining  operation.  The  filings  are  etched  with  dilute 
hydrofluoric  acid,  rinsed  with  acetone,  and  rapidly  dried.  They  are 
mixed  with  TiOa  in  proper  amounts  and  the  mixture  Is  pressed  into 
tablets  or  rods;  these  are  heated  In  h^h  vacuum  to  1600*C 
in  the  arrangement  illustrated  in  Fig.  360. 

- 

' — Ji? 


Fig,  300,  %nthesls  of  lower  tJtaniuiz)  oxides 
(dimeuBlociG  In  mmj. 

Two  Tammann  crucibles  (10  irtm,  and  14  mm*  LH*),  made 
of  sintered  clay,  are  placed  one  Inside  the  other,  and  the  as- 
aembiy  Is  placed  in  a tube  (20  mm.  I.D,  and  400  mm,  long)  made  of 
the  same  material  and  closed  at  one  end.  The  14-mm-  crucible 
is  loosely  covered  by  the  closed  end  of  an  Identical  crucible*  as 
Bbown,  The  outer  (20  mm,  LD-)  tube  Is  connected  to  a high-vacuum 
^stem  via  a eround  joint  cemented  on  with  plcein.  This  arrange- 
ment of  three  concentric  tubes  is  needed  because  the  outer 
conmdum  tube  is  not  vacuum-tight  at  the  reaction  tempara- 
ftiie  of  1600*C.  The  gas  used  for  flushing  the  annular  space 
between  the  surrounding  graphite  heater  and  the  inner  corundum 
^<^rogen,  which  diffuses  inside*  Thus*  tn  new  tubes* 
™ msfde  pressure  rises  from  a eatlefactoiy  high  vacuum  to 
wUhln  10  minutes  at  1600*C;  the  pressure  rises  even 
more  ra^dly  in  older  tubes.  The  pump  must  therefore  be  left  on 
**  entire  heating  period.  The  above  arrangement  of 
prwenta  the  h/drogen  from  diffusing  to  the  reactants 
newwe  It  can  be  removed  by  the  vacuum  pump. 
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The  mixture  in  heated  at  1600*C  lor  16  minute®  £□  a TammaiBn 
furnace;  thle  is  obvious^  Insufficient  to  bring  about  complete 
reaction.  The  Tl  Is  not  oompletely  consumed,  but  It  becomes  eo 
brittle  that  it  ie  readily  pulverized  in  an  agate  mortar,  TUfl  fine 
powder  Is  reheated  and  the  product  is  then  homogeneous. 

If  Tl  powder  is  used  as  the  starting  material,  a single  but 
longer  heating  run  Is  sufficient  (1/2  hour  at  1600^0 

Materials  with  a low  ojtygen  content  are  best  subjected  to  a 
preliminary  homogenization  treatment ^ either  by  high-frequency 
heating  in  high  vacuum,  or  by  so-called  button-melting  In  ftJti 
electric  arc^  which  is  familiar  in  titanium  metallurgy* 

The  above  procedure  Is  generally  applicable  and  may  be  used  for 
the  preparation  of  lower  oxides  of  other  elements  closely  related 
to  tltaniumt  e,g,*  Zr,  Hf,  V,  Nb,  etc, 

Ih  many  cases  it  has  proved  more  convenient  not  to  start  each 
run  from  the  metal;  !n  those  cases,  a larger  quantity  of  the  low- 
o^gen  compound  Is  prepared  and  then  used  as  a stock  raw  material* 


II,  Reduction  of  TlOg  In  a stream  of  H 3 at  125Q*C  yields  a product 
of  composition  TlCb^s^  at  1430*C  and  longer  reaction  times  up  to 
At  1000*C,  the  reduction  of  TIO3  In  a TIC  1^- saturated 
stream  of  Hg  also  yields  a small  amount  of  violet-colored  TlgO^i 
besides  the  other  products, 

IlL  When  TlOg  is  reduced  with  carbon,  the  formation  of  mixed 
TlO-TiC  ciystals  cannot  be  entirely  prevented.  According  to 
Shomate,  heating  in  vacuum  at  1400'C  for  20  hours  yields 
via  the  reaction  2 T10-j+C  = 2 TigPa  + COp  In  agreement  urtththe 
observations  of  Junker,  who  found  that  significant  amounts  of 
carbide  are  formed  only  above  160D®C, 

PROPEHTieSr 

TlO:  Formula  weight  127.80,  Golden  yellow  powder,  atp, 
1750^C;  d 4,89*  CiyeUl  structure:  type  B1  (NaCUypo)*  The  rwA 
salt  phase  is  homogeneous  over  a wide  range  of  compositions 
(I'iOi  0 )*  dissolves  in  dilute  hydrochloric  and  sulfuric 

acids  with  partial  oxidation:  Ti^  + H + = Tl^’*'  + Vs  Hsf 

Tl^Og:  Formula  weight  143.80*  Dark  violet  powder* 

'^1900‘^C;  d 4*4B.  Ciystal  struoture;  type  DSj*  . 
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Titoniuin  [IV]  Ojiide 
TiO, 


Titanium  (EV)  oxida  orystallizas  hi  thrae  modlflcattons  of 
daor^aslng  stability:  anatasa  and  brookita*  Whether  the 

fiyniheais  of  brooldte  has  been  achieved  la  3tlU  in  doubt*  Anatase 
Is  formed  via  the  hydrolysis  of  T1  halides  at  not  too  high  a tem- 
perature (600  *C)  or  via  low- temperature  caicmlng  i~790''C)  of 
pmjlpltated  titanic  acid-  The  lattice  Is  stabilised  by  adsorbed 
anionSt  among  which  the  most  effective  are  sulfate  a ad  phosphate. 
Pure  TiOg  calcined  at  high  temperature  always  yields  the  nitile 
lattice. 

L TiCU  --  TiOt 

1S9.7  79.9 

Very  pure  TlOg  le  readily  prepared  by  hydrolysis  of  pre- 
fvrified  and  repeatedly  distilled  TiCl  v The  chloride  Is  hydrolyzed 
in  Pyrex  veaaels  cooled  In  Ice  and  the  residual  titanic  acid  is 
precipitated  by  addition  of  amtnouia.  The  mixture  la  boiled  for 
owe  Imur,  filtered  and  thoroughly  washed  until  free  of  chloride  (if 
necessaiy,  the  precipitate  is  rodleeolved  In  hydrochloric  add  bO" 
fore  washing,  and  precipitated  with  ammonia).  The  precipitate  iB 
dried  at  107*C  and  calcined  for  one  hour  at  800 ®C*  The  product 
should  be  ground  to  a fine  jpowder,  rewashed  until  free  of  chloride, 
and  calcined  at  10DQ*^C.  After  c^cinatlon*  the  TlO^  so  prepared 
is  wbtle  or  light  gray*  A yellow  tir^e  indie ates  traces  of  iron. 

Alternate  melhods: 

II.  A more  readily  filtered  precipitate  is  obtained  when  the 
precipitation  is  carried  out  in  the  presence  of  (NHi):S04.  Cora- 
merolal  TlCl*  (900  g*)  in  slowly  added  to  one  liter  of  distilled 
and  the  solution  Is  purified  by  boiling  for  10  minutes  and 
insoluble  Impurities  ty  filtration,  A solu- 
ft,  ^ (NH+lsSO*  In  two  liters  of  distilled  water  acidified 

»hL»  hydrochloric  acid  is  treated  In  a slmllftr 

i^^tiona  are  cooled,  combined  with  etlrringp 
mA  to  a bofl.  The  pH  Is  adjusted  to  1*0  by  addition  of 
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ammonia.  At  pK<rl,  the  yield  is  lower,  while  atpH>lH»F« 
content  of  the  product  may  exceed  0<003%,  Further  treatment  In 
the  same  as  in  (1),  The  yield  Is  almost  cjuaBtitatlve,  and  a mtUe 
powder  with  a content  exceeding  93*S%  Is  obtained* 

ni.  K^TiFj-*-T;0, 

S40.1  7^9 

A solution  of  KsTlFfl  (which  has  been  recrystalli^d  several 
times)  in  hot  water  Is  prepared,  and  ammonia  is  added  to  pre- 
cipitate the  snow-white  T10a-a<i-  The  precipitate  is  thoroughly 
washed,  dried  and  calcined. 

IV,  TiOS0^-2H,O->Ti0, 

i9e.D  7&a 

This  may  be  achieved  by  hydrolysis  of  titanium  sulfate  solutions 
on  prolonged  boiling.  However,  this  procedure  Is  not  reeom- 
mended  since  it  requires  a long  time  (eight hours)  and  the  resultant 
precipitates  are  difficult  to  filter^  prectpitatioEi  with  ammonia  at 
the  boiling  point  in  preferred, 

V,  TiC!^  -h  O,  ^ TiO,  + 2 Ci, 

189.7  32.0  79,9 

The  following  procedure  for  the  preparation  of  rutUe  differs 
fundamentally  from  the  previous  methods*  Absolutely  <by  and 
TiCl4  vapor  are  passed  for  20  hours  through  a 20-miu*-l*D* 
porcelain  tube  heated  to  650-750 *C,  Colorless  to  llght-yeUow* 
lustrous  crystals  of  rutile  are  deposited  on  the  white  reactor  walls* 
Unreacted  TlCl*  is  ooUeoted  In  a receiver  cooled  with  Ice-saU* 
Toward  the  end  of  the  preparation,  pure  Og  Is  passed  through  the 
tube,  and  this  stream  is  continued  while  the  mixture  Is  cooling. 


SYNONYM: 


Titanium  dioxide* 


PROPJEBTIES; 

EutUei  type  C4,  d 4,22;  anaUse:  type  CS,  d 4,06?  broofcite; 
type  C21,  d 4,13*  M,p-  1S70"C;  thermal  dissociation  above  1830^0 
Is  evident  from  the  appearance  of  a bluish  tinge  and  a lower 
melting  point* 

Amorphous  TlO*  is  also  Insolable  In  water  and  dilute  adidSd 
It  dissolves  slowly  in  hot  cone,  better  in  sUwU  i^ydrojfen 


t21« 
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The  solubility  Is  strongly  deponaent  on  the  prior  thermal 


RErKHENCE5: 

LAV  Rimfilov*  Y,  G,  Ivanoheva  and  K.  F,  Trekhletov*  Zh* 
Obsctey  Khitnii  13,  1310  (1940)^  C*  H.  Shomate.  J,  Amer* 
Chem»  Soc,  21S  (1947)> 
n w*  B*  BlumenthaU  Ceramic  Age  git  ^20  (1948), 

IV  Tscbeng  Da  Tscbaag*  BuU.  Sbe,  Chim,  France  [5]  271 

fl936):  A,  W.  Czandemap  A.  F,  Clifford  and  J.  M-  Honig, 
J,  Amer,  Chem,  Soc*  79|  5407  (1957)* 

V,  H.  fiheinboidt  and  W,  Wisfeld*  Ber*  dtach,  chem.  Ges,  67, 
375  (1934)* 

TJtonium  (JV)  Oxide  Hydrate 
TiOt ' n H,0 

1 Compounds  belonging  to  the  system  TlOa-H^O  prepared  in  the 

usual  way  (e*g,t  by  precipitation  with  ammonia  from  an  aqueous  solu- 
tion  of  KaTlFa)  may  be  regarded  as  composed  of  TiOg  and  labile 
HgP*  Part  of  the  water,  however,  is  bound  and  localized^  Its 
amount  depends  on  the  method  of  preparation.  Precipitated*  hydrated 
TiOa  either  exhibits  an  amorphous  x-ray  pattern  or  consists  of 
anatase  containing  adsorbed  water;  similar  lattices  are  formed  by 
the  products  of  hydrolysis  of  Tl(SO-i)a  solutions  (refluxli^  for 
four  hours),  While  hydrolysis  of  TiCU  and  T1(N03)^  solutions 
under  identical  conditions  yields  rutUe, 

n,  ''Orthotftanic  aoid'^  H<TI04  or  TiOg  * 2 HgO  seems  to  form  only 
under  certain  definite  conditions;  using  the  WCstatter  acetone 
method  at  low  temperature  it  was  poaslble  to  prepare  a 

compound  of  composition  TlOg*  2*16H30* 


EEFERENCES; 


For  general  references,  see  K.  Frieko,  Das  ^stem  TlD^HaO  In 
K Fricke  and  G,  F,  Huttlg,  Hydro^i^de  imd  Oxydi^drate 
yiydroxideH  and  Oxide  Hydrates]*  Leipzig,  1937,  p.  211* 
WeJeer  and  O,  W.  MlUlgan*  J,  Phya*  Chem,  33,  513 
(1934);  O*  Glemser,  Z*  Elektrochem,  820  (1939);  W,  Biltz, 

2,  anoig*  aUg.  Chem-  2«,  2Sl 


IL 


& Sflnrarz  and  H. 
im»y,  B.  WUlstatter 


aichter,  Ber.  dtaob.  chem.  Gee.  §2,  31 
. 57,  1082  (1924). 
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Peroxotitoriic  Acid 
HiTiO, 


TiOj  + HtO,  + HrSO*  + K*SO*+  HiO  = Ki{TiOf (SO*]  ^ S Hrf) 

79.^  34-0  9S.1  174.3  13^0  4CM.3 

K;[TiO,(SO0il  3HtO  = Ti(OH)i-OOH  + KiSO*  + H*SG* 

^(H-3  131.&  174^5 


Accordbag  to  Schwarz  and  co workers^  5 g*  of  titanic  acid 
hydrate  (Merck)  Is  dissolved  In  10  uU-  of  warm  cone. 
the  solution  is  diluted  to  three  times  Ita  volume  wltti  water^ 
cooled  to  — lO^C,  placed  In  a dropping,  funnel,  and  added  to  a boIu- 
tion  of  8,6  g,of  KaSO^in  15ml,  of  30%  HgO^^  The  mixture  Is  cooled 
to  0'"C  and  allowed  to  stand  in  the  cold  for  1/2  hour;  it  la  then  pre- 
cipitated by  addition  of  about  ona  liter  of  Ice-cold  acetone  pietreated 
with  HsOg  until  the  appearance  of  the  color  of  titanium  sulfate 
(alcohol  may  cause  partial  reduction  of  the  solution,  yielding  a 
product  deficient  In  active  o^cygan).  The  precipitate  is  fUtered  with 
suction  and  washed  with  ice-cold  absolute  ether  until  the  filtrate 
gives  a negative  reaction  with  permanganate p The  product  is  dried 
for  several  hours  in  high  vacuum  at  the  lowest  possible  temperature, 
yielding  yellow- red  potassium  pero^titanyl  sulfate  corresponding 
to  the  formula  KaITi03(S04)3l  * 3 H^O* 

According  to  K,  F,  Jahr  (see  FIAT- Review,  Anorganlsche 
Chemle,  Part  III*  p*  173)  the  color  is  due  not  to  the  comi^ex  anion, 
but  to  the  peroxytltanyl  cation  itself*  See  also  E,  GastlngePt  Z* 
anorg,  allg*  Chem,  331  (1954), 

hi  the  preparation  of  the  corresponding  zirconium  and  hafnium 
salts,  which  are  white  but  have  an  analogous  structure,  the  in- 
dicated concentrations  of  the  reactants  must  be  very  strictly 


adhered  to. 

If  the  complex  salt  Is  to  be  used  immediately,  j^iftcatlon 
by  thorough  washing  suffices*  The  precipitate  is  dissolved  on  the 
filter  in  ice  water  and  the  solution  Is  poured  into  10  liters  of  Ic*- 
coid  water.  Gradual  deposition  of  the  pure  white  precipitate  sets 
In  after  some  time  and  the  precipitation  is  complete  alter  about 
24  hours.  The  product  Is  purified  by  filtering*  washing  with  Ice 
water  followed  by  acetone;  any  adsorbed  water  Is  removed  by 
agitating  In  a shaker  flask  ffhree  times  with  100  mi*  of  acetone* 
onoo  with  100  ml,  of  absolute  ether,  three  times  with  petroleum 
ether—all  washing  operations  at  0"C)t  The  remaining  petroleum 
ether  Is  removed  by  suction  and  the  product  is  left  for  about  0*6 
hour  In  a vacuum  desiccator  which  does  iwt  contain  a diykig  agei^* 

The  peroxide  liydratos  of  Zr,  H£  eed  Th  are  prepared  by 
tag  a Botatlon  of  the  sulfate  (S-i0%,  StSt 

with  an  excess  of  30%  HsP#,  coo^  to  20 
with  ammonia  below  0»C,  The  slimy  preolpltate  is  remoy^*^ 
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onUoa  tKHO  (jooled  oontala^r  with  the  aid  of  a filter  °a®dle 
with  loo  water.  The  only  suitable  drying  method  ie 
■winMTnia  extraction  process  described  by  W.  Blitz  [Z.  Elehtro- 
^ , M,  481  (1S27JI, 


PAQFKBTtKS: 

THOHls  ' OOH:  Slightly  hygroscopic,  lemon-'yellow  powder, 

GraAutUy  loses  its  active  oxjrgen  at  room  temperature,  with 
decoloration.  Readily  soluble  without  decomposition  in 
loses  ojgfgen  gradually  lu  water, 

ftEFEREl^CESi 

R,  Sehwarx  and  W.  Sexauer.  Ber*  dtsch,  chem,  Ges,  §0,  5 DO 
(I92T);  R,  SehwafK  and  H.  Gieefi*  anorg,  ^Ug.  Ch^m,  176^ 
20B  (IB2B);  SB&  also  R.  Schivarz  and  F-  Heinrich,  2,  anorg* 
aUg*  Chem.  233,  387  (1935). 


Zirconfam  |tV)  Oxide 


TMt 

ZiOa,  ■ &M*0  ZjOs  : Zr(SO.)i  4 HtO  ^ ZrO* 

33^  ia3.S  355.4  143.2 

ZlrconiuiD  (£V)  oxide  is  formed  when  s;lrconlian  oxide  by  dr  at  ea 
or  zirconium  s^ts  of  voIatUet  oxygi^n-oontalning  ac|d^  (nitrates, 
axalateSp  acetates,  etc*)  are  dehydrated  and  then  calcined. 

Ueaally  the  o^^chiorlde  or  sulfate  Is  thermally  decomposed 
between  6M  and  IDOO^C.  Either  salt  must  be  prepurified  by 
repeated  reciystalllzatlon*  In  the  case  of  the  sulfate,  the  thermal 
decomposltlQB  removes  the  last  traces  of  SO 3 with  some  difficulty* 

The  amorphous  ZrO^,  which  Is  the  first  product  obtained  on 
faeatiDg  the  oxychloride  (300*C),  converts  at  SOO^C  to  the  tetragonal 
iTH^fteatica,  which  then  contains  only  traces  of  CL  Above  fiOO^G 
the  material  Is  monocUnic. 

Aiterrujie  PietJtods:  a)  For  the  almost  complete  decomposition 
0#  ZrOClj^dU^Q  with  superheated  steam  (accompanied by  evolution 
of  HCi  and  formation  of  ZrOgJ  see  Akhrap- Simonov  a « 

t)  The  preparation  of  ZrOg  by  removal  of  silicon  from  ZrSlO* 
with  BIO  is  described  by  Zintl  et  al* 

FeOFEJmES: 

Whto  po^r*  M*p.  2680*0,  b*p,  4300^0^  d 5*73*  Exists  in 
modifications.  Crystal  fltrueturei  tetragonal  and  monocllnlc* 
ctomlcal  behavior  Is  strongly  affected  hy  the  nature  of  the 
^ Utf CTml  iroatinent.  If  the  compound  has  been  heated  to 
•MSWto  temperatures,  it  dissolves  quite  readily  in  mineral 


iZ.  TITANIUM,  ZIRCONIUM,  HAFNIUM,  THORIUM 


1221 


adds;  after  heating  to  high  temperatures,  It  Is  soluble  ou]^  bi 
hydrofluoric  acid  and  cone,  K^04;  after  mettlng,  it  Is  attaelted 
only  by  hydrofluoric  add,  Becomposee  readily  Is  hydroxide 
or  carbonate  melts,  in  which  it  forms  acid-soluble  zlTcoaatos, 

UBFEIiENCES^ 

o.  Ruff  et  al,  Z.  anorg,  allg.  Chem.  W3,  193  (W24);  180,  19  (1929)s 
W,  M.  Cohn  and  S.  Tolksdorf.  Z,  p*iyB,Chein,  (B)  8,  831  (1836); 
G.  L,  Clark  and  D,H.  Reynolds.  Ind.Eng.  Chem.  711  (1937); 
L.  K,  Akhrap-Simonova.  Zh.  Prikl,  Khlmii  n,  941  (1988);  E, 
Zintl,  W,  Brauntng,  H,  L,  Gnibe,  W.  Kringsand  W.  Morawletz, 
Z.  anorg.  allg.  Chem.  2^,  1 (1946);  A.  W.  Henderson  and  K.  B, 
Highte,  J.  Amer.  Chem.  Soc.  TQ,  5878  (1954), 

See  also  R,  Frleke,  Das  EJystem  ZrOg^Hi^  In  &,  Frlcke  and  G.  F, 
Huttig,  Hydroxyde  und  Oigrdhydrate  [Hydroxides  and  Oxide  Hy- 
drates], Leipzig,  1937,  p.  219,  especially  tor  the  formation  of 
oxide  hydrates. 


Hafnium  (iV)  Oxide 
HfO, 

Hafnium  (IV)  oxide  Is  prepared  by  calcination  of  the  hydroxide, 
oxalate,  oxychloride  or  sulfate  at  600- 1960® C.  The  cryatalUzalion 
of  the  oxide  starts  at  400®C, 

PHOPEftTlES: 

Whits  powder.  M.p.  2760“C;  d 9.68.  Essentially  identloal  with 
ZrOa  In  chemical  behavior.  It  probably  forms  the  same  ^fpes  of 
crystal  lattice. 

REFERENCE: 

G,  von  Hevesy  and  V.  Bei^luDd.  J,  Chem.  Soc,  (London)  125, 
2373  (1924). 


I. 


Thorium  {IV]  Oxide 
TliO, 

Th(NOi)*-4HiO  or  Th(NO,)j-5Hi0  or  Th(CiOi)t ' 6 HiO IhQ* 

552  2 5T0.Z  ' 

Thorium  (TV)  oxide  la  obuined  by  thermal  decomposl^n  ^ 
thorium  oxide  hydrate  (which  is  precipitated  with  a^onUJ  or 
salts  of  oxygen-contalnlng  acids.  The  nttrate  oxalate  aw 
peclally  sSltable  as  starting  materials,  while  the  sulfates  give  off 
the  last  traces  of  SO5  only  with  difficulty. 

Pure  nitrate  ie  placed  in  a la^e 
very  carefully  heated  in  an  electric  flimace.  The  nltrate  sw^ 
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«0MM*nl4)r  *t  300-400*c  and  iorms  a spongy  mass,  which  sub- 
ooUapsos  and  baoomss  thovg  oompaot.  To  pncvon^  tha 
()f  aiO.  during  oaloinatlon  of  the  oxide,  the  powder  obtained 
an  deoompoaltton  of  the  nitrate  Is  placed  in  a Pt  oniclble  and  Is 
ttan  hosted  for  l^St  hours  at  800-850*C, 

■nie  oxalate  Th(CaO*)s-6H^  gives  off  Its  water  of  cryntal- 
at  300’C  and  Is  almost  entirely  decomposed  to  the  oxide 
weight  oX  the  final  products  la  <1%  greater  than  the  theoretical) 
at  450"C. 

IL  According  to  Brlntslnger  and  Mollare,  active  oxide  Is  obtained 
wh«t  thorium  chloride,  nitrate  or  sulfate  is  decomposed  with  etaam 
at  800’C. 

IP,  For  the  preparation  of  oxide  hydrates  and  hydroxides,  see 
the  references  indicated, 

PSOfEnriES; 

White  powder,  compact  or  loose  depending  on  the  method  of 
preparation.  M,p.  SOSO'C,  b.p-  4400®C;  d 9.87.  Crystal  structure: 
type  Cl  ^hiorite  type).  Almost  insoluble  in  acids  when  calcined 
at  high  temperatures,  although  readily  decomposed  in  blsulfate 
melts  or  by  evaporation  with  oonc.  HgBO^,  In  contrast  to  TIO^ 
and  ZrO^  does  not  form  salts  with  basic  oxides  and  is  therefore 
Insoluble  In  molten  NaOK  or  Na^COg,  The  oxide  prepared  by 
calcination  of  the  oxalate  at  500°C  may  be  dissolved  by  peptlxatlon 
with  dilute  hydrochloric  acid. 

XEFEflEHCES-- 

1,  J.  W.  hfarden  and  H.  C.  Bentsohlsr,  Ind.  Eng,  Chem,  19, 
97  (1927);  H.  J,  Bom,  Z.  phys.  Chem,  (A)  179,  256  (1937). 

IL  H.  Brli^siloger  and  A.Mollers.  Z.  anorg.  Chem.  343  d947). 
^ Frfcke,  Pas  System  ThOa/HaO  In;  B.  Trlcke  and  G.  F. 
Uuttig,  Hydroj^de  and  Oxydl^ydrate  (Hydroxides  and  Oxide  Hy- 
drates], Leipxig,  1937,  p,  228;  W,  Biltz,  Z,  anon^.  aDg,  Chem, 

^,  201  (1940);  M,  Domine- Serges.  Ann.  Chimie  [12]  5,  106 
(1950). 

Titanium,  Zirconium  end  Thorium  Sulfides 
TiS„TiSt,TiS^, 

Visits, 

TiCb  + 2HiS  = TiS,  + 4HC1 

189,7  6*, 2 112,0  145.0 

TiS,  -f  S ^ TiS* 

112,0  32*1  L441 

^ euifidft  TiSa  le  usually  prepared  by  tbe  reaction 

gOMouff  mixture  of  TlCl*  and  tn  a red-hot  tuba.  A 
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chlorlne-fre©  product  cannot  bo  obCaiHod  without  sui  aftcrtt c atiMist 
with  S In  a prossure  tube  at  600^C.  Tbe  yield  U alfto 
factory  (30-40%,  based  on  the  TlCl*)^  however*  the  yield  nuy  be 
irtcreased  by  repeated  passage  of  the  unreactrf  TtCl4  from  the 

receivers. 

The  reaction  Is  carried  out  Itx  the  apparatus  shown  In  Flg«  301; 
It  consists  of  a Pyrex  coxnbustioa tube  fused  at  both  ends  to 
round-bottom  flasks.  Flask  a la  filled  with  50  g.  of  freshly  dis- 
tilled TICI4  and  Is  then  sealed  off  at  c;  h Is  a receiver  for  ui^ 
reacted  TICI4*  and  Is  cooled  with  ice-salt.  A Stock  receiver 
cooled  with  Dry  Ice  and  containing  about  25  ml,  of  Uquld  Is 
connected  to  the  system  at  d via  a small  wash  bottle  filled  with 
glycerol  (this  is  the  bubble  counter)  and  two  GaCl^  drying  tubes,  A 
fast  stream  of  generated  by  gradual  removal  of  the  coolant, 
Is  passed  through  the  apparatus  while  the  combustion  tube  is 
heated  to  480-540^0,  The  TlCl^  in  h Is  then  heated  almost  to  the 
boiling  point  and  held  at  this  temperature  with  a small  flaine^ 
The  TlCl4^HaS  gas  mixture  reacts  In  the  tube  to  form  HCl  and 
TiSa;  the  latter  settles  on  the  tube  waC,  After  all  the  TiCl 4 is 
distilled  from  a*  the  system  is  flushed  for  a short  time  with  or 
COg*  the  HgS  line  is  reconnected  at  and  the  unreacted  TiCl^  conr- 
denied  In  b is  passed  again  through  the  tubOt  this  time  into  is;. 
After  the  TiCl^  has  been  used  up  (3-5  hours),  the  TiS^proAioed 
Is  treated  for  two  hours  at  the  same  temperature  in  a slow 
stream  of  HgS  to  remove  most  of  the  chloride  still  adhering  to 
the  product.  The  material  Is  allowed  to  cool  in  a stream  of  or 
CO3,  the  tube  is  broken  at  both  ends,  and  the  dark  brass-yellow 
TIS3,  which  eiysUlilaea  as  leaflets  of  mosaic  gold  color.  Is 
collected*  The  yield  la  about  10  g. 


Fig.  301*  Preparation  of  titanium  dlsuifide, 


■.  i- 
' 


Complete  removel  of  the  chloride  can  be  effected  only 
peated  heating  of  the  product  srftb  B*ceaa  S bk  a pybBSure-fa^ 
Thus  4 c of  orude  TIS*  and  3 g.of  S are  placed  la  a b^ 

tute  'ot  V^OP  or  slpdur  gl«Mi.  Tl»  ‘TSS' 

t»6  ot  oarixm  coapoiBds  (TO  War»i.b.H  Z;™?- 

alle  Cham  251  16®  (1943):  this  conststa  of  vacuum  dtetfEt«f- 

S;  Vtop  *• 

under  Ng.  followed  by  another  vacuum  dfatlUatlonl.  The.tw««k 


lit* 
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Mm  wftk  Um  T1S»  and  S Is  sealed  in  Wgli  vacuum  aad  heated  (or 
IttM  days  St  600*C.  The  tube  Ifl  opened  and  the  volatile  com- 
removed  in  a heated  vacuum  desiccator  {drying  pistol} 
al  lOft-lSO’C.  The  product,  which  still  contains  some  chloride, 
te  heated  with  additional  S to  about  C for  two  days,  and 

tie  volatile  oomponents  are  again  removed  In  vacuum.  The  Inter- 
mediate product  then  constets  of  graphitollke  trleulflde  and  nn- 
zeaeted  S,  The  free  sulfur  may  be  removed  by  vacuum  distillation 
at  400'C;'the  residual  TlSg  undergoes  thermal  decomposition  at 
teu^ratures  above  500“C,  yielding  pure  TlSjj, 

n.  Ti  + 2S  = TiSij  Ti  + 3S  ^ TiS, 

A1.S  W.I  ilSO  47.S  96.2  U4.i 

Sulfide  B of  any  desired  composition  may  be  obtained  by  syn- 
thesis from  the  elements,  which  is  a generally  applicable  method. 
This  is  also  the  simplest  way  to  prepare  chlorine-free  products. 
The  starting  material  consists  either  of  Ti  filings  made  by  grind- 
ing Ti  strips  (for  the  preparation  of  the  strips,  see  the  directions 
for  the  lower  titanium  oxides,  p.  1214)  or  simply  Ti  powder 
(which,  however,  usually  has  a lower  metal  content).  First  1,5  g. 
of  Ti  and  4 g.  of  5,  In  a thick-wall  Vycor  tube,  are  careful^ 
degassed  In  high  vacuum.  The  tuba  is  then  sealed  and  heated  at 
650‘C  for  four  days.  Metal  particles  still  present  in  the  product 
are  ground  separately,  added  to  the  sulfide  product  {total  about  3 g.) 
together  with  1.7  g.  of  S,  and  again  heated  in  a pressure  tube  for 
two  days  at  600'’C.  The  free  sulfur  1b  distilled  off  at  400  *Ci 
the  higher  sulfides  are,  if  desired,  decomposed  thermally  above 
SOO'C,  yielding  TiS 3 and  TiS 3,  as  in  method  I. 

raOFERTlfS: 

TIS3;  Formula  weight  112,02.  Brass-yellow  flakes  with  a 
metallic  luster,  d 3.22,  Crystal  structure:  type  C6. 

SWjle  In  air  at  normal  temperatures;  forma  TiO 3 on  heating, 
^omposes  in  nitric  acid  and  hot  cone,  HsSO*.  releasing  S; 
^solves  in  boiling  aqueous  sodium  and  potassium  hydroxides, 
forming  alkali  tltanatee  and  alkali  sulfides. 

TiSa:  Formula  weight  144. OS,  Graphitelike  substance,  d 3.22, 
Expe^  for  Its  insolubility  In  boiling  NaOH,  It  is  similar  to  TlS,  In 
aU  <^mfcal  properties. 

il  l Sulfides  may  be  prepared  by  synthesis  from  the 

tS^Sl  *"»*°“°*  Ti  metal  with  TiS*,  or  by  redaction  of 
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SYNI^ELSES  STARTING  FROM  TITANSUM  METAL 

The  procedure  1b  Identical  to  that  of  method  H;  In  the  ilrtft 
stage  the  S Is  bound  to  the  Tl,  and  the  resultant  product  is  buI^ 
sequently  homogenized  at  h%h  temperature,  Aa  long  as  the 
presence  of  sulfur  Is  stUi  a poBslbllity,  the  temperature  la  raised 
very  slowly*  so  that  It  may  require  as  long  aa  two  d^ra  to  reach 
800  ®C  In  the  case  of  S’ rich  compounds  and  1000*0  tor  ^poor 
compounds.  The  above  temperatures  are  then  maintained  for  3-3 
additional  days,  after  which  the  product  Is  tested  for  homogeneity 
by  x-ray  analysis. 

The  reaction  Is  carried  out  In  a quarts  tube*  which  undergoes 
only  slight  devitrification  but  no  further  changes,  TltSnium  metal 
It  self  begins  to  react  with  quartz  at  about  8&0"*C,  To  exclude 
entirely  the  posslblilty  of  reaction  of  the  titanium  with  the  quartz  in 
the  case  of  the  subsulfldes  fTlS^i),  the  reaction  mixture  isptaoed 
in  small  ceramic  or  sintered  clay  crucibles  diameter, 

30  mm,  long)  which  are  then  Inserted  In  suitable  quartz  tubes  and 
the  tubes  BCflJed  off.  This  complication  usually  results  In  the 
necessity  of  using  tubes  of  lesser  wall  thickness;  hence,  greater 
care  must  be  exercised  during  heating. 

As  in  other  cases  where  tubes  are  to  be  heated  to  tempera- 
tures as  high  as  800  *C,  protection  against  explosion  to  recom- 
mended; this  ie  provided  by  wrapping  the  tube  to  ashoBtos  paper 
and  Inserting  it  into  a email  cage  made  of  several  layers  of  N1  or 
Cu  wire  mesh. 

When  quartz  tubes  are  cut  open  with  an  emery  wheel  {1  xnm, 
thick).  It  is  not  always  possible  to  prevent  quartz  spUntera  from 
getting  Into  the  product*  K the  material  is  not  a mass  with  a 
solid*  glossy  surface  affordtog  easy  visual  separation,  the  em-* 
bedded  quartz  particles  should  always  be  removed  by  shaktog 
with  bromoform  followed  by  centrlfugation- 


REDUCTTON  OF  TiS^  WITH  Ha 

This  method  permits  carrying  the  reduction  ns  far  as  the  moiK^ 
BulfidB  Stage,  provi<led  Mgh  temperattires  are  used.  aU 

small  amounts  of  Cl  preseut  aw  ramoved  duri^  tho 
the  crude  TiSa  produced  by  laethod  I can  be  used  ^ BuchwWwmt 
further  purification.  The  reaction  Is  earned  out  in  aniingUz^ 
porcelaiiT  tube,  with  the  boat  contalnliiff 
£ the  center;  a stream  cf  carefulty  dried  Hj  ^ed 
tact  with  Pd)  Is  passed  over  the  boat.  Two  to 
for  the  reductlonriQie  duration  of  the  run  delude 
of  wfltwtHai  and  the  hydrogen  flow  rate.  The  temperaturo  to  which 

(500'C- TlSi^<j,  900*C-TlSi^e,  1200  C-+TiSi*i>e  . . 
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FROPEPTIES: 

Air  sUble  colored  substaMes  black;  a:  violet; 

TBiji:  ^rown;  TlSo^:  gray).  With  decreasing  sulfur  content,  the 
aua«ptJl^ty  to  attack  increases  and  that  by 

acidic  oxidation  agents  decreases,  in  contrast  to  TIS,,  the  lower 
sulfides  aro  \maffected  by  sodium  hydroxide.  The  sesquisnlfido 
phase  has  a wide  range  of  compositions  fTiSj^^^-TlSi  ^g), 

REFERENCES: 

W*  BUU  and  P,  Ehrlich,  2*  anorg,  allg,  Chem,  97  (1937);  &ee 
also  H*  Hahn  and  B,  Harder,  Ibid.  26S,  241  (1956}  (also  con- 
tains Information  on  growing  of  single  crystals). 

Zirconium  Sulfides 

Zlrccnfum  sulfides  can  be  prepared  by  exactly  parallel  methodB, 
Le,,  reaction  of  ZrCl*  with  HgS  or  synthesis  from  the  elements. 
Orange-red  ZrSg  may  be  thermally  decomposed  to  brown  ZrS^ 
at  800*C,  The  lower  Blrconium  sulfides  Include,  In  addition  to 
the  aeequleulfide  and  euh sulfide  phases,  an  additional  compound 

REFEBEJ^CE: 

F.  Strother  and  W,  Biltz,  Z.  anorg,  aHg-  Chem,  242,  249 
(1939), 


Thdflum  SulFides 

Synthesis  from  the  elements  under  pressure  yields  a deep  red 
polysulflde  ThaS4,  lilac  brown  ThSa,  a sesqulsulflde,  and  a eub- 
Bulfl<teThSo,,s, 

REFEBENCE: 

E*  F,  fflpoUer,  z,  anorg.  allg.  Chem,  2^,  415  (1941), 


Trtcmjum  [IHJ  Sutfaie 
Ti,(SOi), 

2TiCl*  Ti((SO,)i 

a79.S  3^4.0 


tetrac^rtde  (lOQ  g,)  le  carefully  decomposed  with 
*l^wtaately  four  times  its  volume  of  The  solution  is  cooled 
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and  treated  with  dUute  ammonia  to  precipitate  wUob 

1b  auction-filtered,  thoroughly  washed  wUh  water,  and  dtaaolvnd 
(vigorouB  shaldag)  Jn  70  ml.  of  cone,  B3SO4,  The  solution  ts 
diluted  with  water  to  one  liter,  the  prectpltEdlon  with  anunonln 
la  repeated,  and  the  reaultant  deposit  ia  repreclpttated  two 
additional  timee.  The  TiOa*aq.  obtained  (about  480  g,)  Is  care- 
fully dissolved  In  100  ml,  of  corns,  HaSO*.  yieldli®  a total  liquid 
volume  of  about  500  ml.;  this  la  suction-filtered  tKrw^gh  glass 
and  treated  with  300  ml,  of  cone.  HaSOa,  yielding  about  400  ml. 
of  a solution  of  Ti  (IV)  sulfate.  This  solntion  is  reduced  to  Ti  (HI), 
sulfate  by  the  following  electrolytic  method, 

A low  vertical  cylinder  closed  off  with  a rubber  stopper  serves 
as  the  electrolysis  vessel  and  contains  the  sulfate  solution.  The 
anode  Is  a piece  of  Pt  sheet  immersed  In  a clay  cell  flUsd  with 
20%  BaS04,  The  ceil  is  partially  immersed  in  the  Ti  (IV)  sulfate 
solution  and  is  surrounded  by  four  amalgamated  lead  strips,  also 
Immersed  In  the  solution.  The  stopper  on  the  outer  electrolysis 
vessel  has  holes  for  the  clay  cell  and  for  the  Inlet  and  outlet  gas 
tubes.  The  electrolysis  Is  carried  out  in  a constant  stream  of 
COg  and  with  efficient  water  cooling.  The  current  density  Is  0.0€ 
amp./cm.®  at  24  v.  for  the  first  six  hours,  then  0.33  amp,/ cm,® 
at  the  same  voltage  for  an  additional  six  hours,  Thle  reduces 
all  the  Ti  (IV)  sulfate  to  Ti  (HI)  sulfate ; the  latter  precipitates 


as  an  Hg SO containing  iydrate  (fine,  pale  light  violet  ciystals). 

To  obtain  the  anhydrous  Ti  (IQ)  sulfate,  the  product  Is  suction- 
filtered  in  a stream  of  CO,,  washed  with  50%  HsSO^,  and  placed 
(in  the  absence  of  air)  In  a round-bottom  flask  fitted  with  a grouiid 
Joint  and  filled  wtth  CO4.  Then  300  ml.  of  dilute  sulfuric  acid 
(20%  v,/v,  H^SO*)  is  added;  the  flask  Is  stoppered  with  a ground 
stopper  fitted  with  inlet  and  outlet  gas  tubes  and  an  opening  for 
the  insertion  of  a thermometer;  it  Is  heated  in  a stream  of  COguntlX 
the  precipitate  dissolves.  Using  gas  pressure,  the  liquid  Is  forced 
into  a filtration  apparatus  (see  Part  E,  p,  74)  and  filtered  under 
CO  a through  a tubular  fritted  glass  filter  fitted  with  appropriate 
ground  Joints,  The  receiver  witti the  filtrate  is  in  tarn  closed  off  with 
a stopper  fitted  with  a thermometer  and  gas  tubes;  COg  is  passed 
through-  and  the  temperature  Is  slowly  raised  by  means  of  an  oil 
bath.  This  concentrates  the  liquid  to  about  half  Ite  volume.  At 
this  point  a violet  precipitate  begins  to  form;  on  ftirther  Mating,, 
this  tarns  to  blue  and  flnaily,  at  W0-200*C,  to  green.  The  tem- 
perature is  maintained  at  190^C  for  three  hours  and  is  then 
raised  to  230-220*0  for  10 minutes.  Heattagto higher  te^^ratares 
results  In  evolution  of  SOg  and  oxidutiim  of 
The  material  is  allowed  to  cool  in  a 
remain  green.  If  It  assumes  a blue  color,  the  heat^ 
must  bs  repeated.  The  green  precipitate  J®  flvfSaS 

using  the  filtration  apparatus;  the  contaminating  TI  (TV)  suHatft 


«1» 
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tB  wwhijig  with  oo»c.  H*SO,.  followed  by  glacial  acotic 

Mdd.  vdtrdrouB  methanol  and  ether.  The  tubvdar  fritted  glass 
mtw  te  removed  fwm  the  ftltratlou  flystem,  covered  with  a 
Houad  oap  fitted  wlUi  a stopcock,  and  placed  horizontally  in  a 
short  eleetrto  fumaoe;  the  material  Is  then  dried  for  four 

hours  at  140"C  in  a constant  stream  of  j»re  Na- 


rWMreBTBES: 

Gnen  ciystalllne  powder.  Insoluble  In  water,  alcohol  and  cone. 
BaSO^:  soluble  In  dlhito  HgSO*  and  in  hydrochloric  acid,  yielding 
a Ttolat  Solutions 


ftEFEBENCESi 

0,  Schmitz- Dumont,  P.  Simons  and  G,  Broja.  Z-  anorg.  Chem, 
258,  307  (10401;  W.  J,  de  Haas  and  B,  H.  Schultz.  Phyalca  [2} 
S,  4S1  (1039),-  A,  S^hler  and  H.  Wlrthweln.  Bar,  dtach.  chem. 
Ges.  M’  (1905). 


Titonoxy  Sulfote 
TiOSO* 

This  compound  Is  produced  on  evaporation  of  TiO^  or  TIQ^  • aq. 
with  cone.  l4sO« ; the  dlhydruta  Is  obtained  under  the  same  cen- 
dtUoas  but  with  70%  t^SO^.  The  material,  which  Is  extremely 
faTgrosooplo  and  readily  splits  off  SOg,  can  also  be  prepared  as  a 
white  precipitate  by  dropwise  addition  of  a solution  of  SOa  in 
90^1  a to  a solution  of  TICI4  In  SOijClg,  followed  by  refluxing 
tE.  Hayek  and  W.  Eogelbrecht,  Monatsh.  Chemle  80,  640  (1949)1. 

Iron-free  titonoxy  sulfate  is  usually  not  available  commercl^ly. 
When  available,  it  is  not  completely  water  soluble.  The  follow- 
proce^res  are  therefore  recommended  for  the  preparation 
cl  the  pure  compound. 

L TiOSOf 


TiCU  + H,SO,  + H.O  = TiOSO<  4HC1 

189-7  sai  te.c  180.0  145.8 

mult^lc-distlUed  TiCl*  is  added  in  drops  (vigorous 
S”,  totte  Btotchiomstric  quantity  of  60%  Ha&O*,  The  preoipt- 
W ft>nnfld  ^r  each  addition  should  dissolve  completely  before 
rf  ^ ***®‘*‘  addition  of  about  S/i 

™ Uquld  tuntfi  Into  a vlscoufl,  yellowish  aolation,  ft 
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Is  diluted  with  V 5 Itfl  volume  of  water,  and  the  dropwlee  etHltleii 
of  TiCU  completed. 

The  resultant  eolutlont  which  Is  etlU  highly  co nc entrated 
ifl  HCl*  Is  evaporated  to  dryness  on  & water  bath.  The  residue  le 
pulverized ^ dried  and  freed  of  HCl  by  heating  for  seveml  days 
at  S0-100®c  in  a drying  pistol  at  a pressure  of  a few  mm. 

The  sulfate  obtained  In  this  naanner  (TlOaiSO*  * 1:1*07)  Is 
colorless  and  free  of  HCl*  It  is  hygroscopic  soluble  In  water^ 
yielding  a clear  solution* 

Gelatinous  or  resinous  precipitates  may  appear  during  the 
evaporation  of  the  HCl^coutatnlng,  hlgb^  viscous  and  slightly 
yellow  solutions;  the  same  phenomenon  may  occur  during  the 
vacuum  concentration  operation*  Addition  of  alcohol  or  acetone 
to  the  concentrated  solutions  leads  to  the  formation  of  fibrous 
precipitates. 

JL  TiOSO|-2HtO 


TiCl*  + 2H,0  --  TiOi  + 4 Ha 

IBDJ  380  79.*^  N5,S 

TiOi  4^  HiSO,  -i-  HtO  ^ TiOSO.  2HxO 

79.9  9BU  IS.O  1^0 


A solution  of  40  ml.  (63  g*)  of  fresb^  diatilled  TiCU  (b-P- 
134-13S'^C)  in  130  ml,  of  water  is  prepared.  Most  of  this  solution 
is  then  reduced  to  a slight  extent  by  means  of  Zn  rode  or^  better, 
by  electrolysis  (light-brown  color),  while  10  ml.  kept  separately 
is  reduced  to  the  trivalent  titanium  Ion  (deep  violet  color).  The 
reduction  is  intended  to  ensure  that  all  the  iron  Is  presei^  to 
the  form  of  to  avoid  hydrolysis  and  coprecipltatlon  of  Fe*’*' 


with  the  Ti*  The  reaction  is  carried  out  to  dilute  oxalic  acid* 

The  violet  chloride  solution  is  slowly  added  to  drops  to  a boiling 
solution  of  1 g,  of  oxalic  acid  to  one  liter  of  water;  then  the  brown 
chloride  solution  Is  added  to  the  same  way.  The  mixture  should 
be  matotatoed  at  the  boHtog  point  for  a total  of  four  hours,  the 
volume  betog  kept  conatant  by  occasional  addition  of  water*  The 
conditions  of  precipitation  must  be  closely  adhered  to,  to  prevent 
oopreclpitatlou  of  unfilterable  metatltanlc  acid*  The  precipitate 
Is  filtered  through  a large  Buchner  fiumel,  washed  free  of  Cl  with 
boiltog  water  and  dried  by  suction.  It  to  then  treated  with  35  ml, 
of  eonc.  KE3SO4  to  a beaker*  The  mixture  is  gently  boiled  ujitll 
precipitation  begins*  AJEler  cooling  and  addition  of  120  mi*  of 
water,  the  mixture  is  allowed  to  stand  (with  ooc^tomd  stirr^) 
for  several  days  and,  if  neoessaiy,  Is  filtered.  It  is  then  evaporated, 
precipitating  cjty stale  of  TlOSO**HflC, 


I«S0 
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UL  noSOt  solatlons 

TiO|  + 2KHCiO*  + HiO  = K,TtO(CjO<)i  ■ 2 HiO 
T9.9  ase.3  180  S84,2 

K,TiCKC,0,),'2H,0  + SHiSO,  = 

3W^2  ISO’® 

KiSO*  + TiOSOi  + 2 CO  + 2CO«  + 4H,0 
17-1.3  ieO-0  56-0  8U.0  72A 


Iroo^tree  tlt&alum  sulfate  solutions,  used  as  aualytlcal  stand- 
ards, are  read%  prepared  by  repeated  recrystalllaation  of 
KaTiO{paO*)a'^HgO  followed  by  treatment  with  cone.  HaSO^. 

A concentrated  solution  of  KHCgO*  is  saturated  at  the  boiling 
point  with  freshly  precipitated  TlOs-aq.:  the  mixture  is  aon- 
centrated,  whereupon  white  needles  precipitate  out.  The  double 
salt  is  dissolved  with  heating  In  an  approximately  equal  weight  of 
water.  The  solution  ia  filtered  and  the  salt  is  reorystalllzed  to 
about  80-30%  yield  by  coollug  with  loe  and  stirring.  The  Iron 
content  Is  reduced  in  the  process  from  0.061%  to  0.004%,  and  no 
further  iron  can  be  detected  after  another  repetition  of  the  ciys- 
talllzatlon.  The  analytically  pure  salt  has  a composition  cor- 
responding to  KgTlQ(CV^4>a  > 

To  prepare  one  liter  of  an  approximately  O.IN  T1  sulfate 
solution,  38  g,  of  the  double  oxalate  is  thoroughly  mixed  with  32  g. 
of  pure  (NH«]^04  (Iron-free!)  and  placed  In  a 750-ml.  Kjeldahl 
flask.  The  addition  of  (MK^Jso^  facilitates  the  reaction.  Then 
80  ml.  of  pure  cone,  H^SO^,  is  added.  The  flask  Is  heated  carefully 
with  a small  flame  until  cessation  of  foaming,  and  the  solution  Is 
then  boiled  on  astrongflame  to  decompose  the  oxalate.  The  solution 
Is  cooled,  whereupon  it  becomes  slrupy;  it  is  carefully  added, 
with  vigorous  stirring,  to  500  ml.  of  distilled  water  and  le  then 
diluted  to  one  liter.  If  precipitation  occurs  after  standing  over- 
night, the  sohitton  Is  filtered.  The  solution  should  give  a negative 
for  oxalate  upon  addition  of  1 drop  of  0,1N  KMnO.  to  50  ml. 
of  the  liquid. 


Alienate  method:  Pare  TiOSO*  ■ 3H^  precipitates  in  the  form 
rf  long  crystal  needles  from  a solution  of  TlOs  • aq.  In  60-70% 
Ha^4  in  which  the  ratio  TiOa:H^*=l:3  to  1 ; 7.  At  higher 
cooe^Mti<me  of  acid,  the  precipitate  is  powdery  and  contains 


snannii 

TJta^l  flulfate. 
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PHOPERTIES1 

Anhydrous:  highly  bygroacoplc;  disBolvos  slowly  In  water  to 
give  a clear  solution.  DIhydrate:  raadlly  soluble.  Decomposes  In 
hot  HaO  with  preeipttation  of  TiOjj.aq, 

EUCJSf'ERENCES; 

I.  Private  comraunlcation  from  K,  F.  Jahr,  Berlin. 

E.  A.  W.  Hixson  and  W.  W.  Pleohner,  Ind,  Eng.  Cham,  25,  262 
{19331.  “ 

in,  E.  Rosemana  and  W.  M.  Thornton.  J,  Amer.  Chem,  Soc. 

328  (1935)^  See  also  C.  Pochard.  Comptes  Rendus  Hebi^ 
Seances  Acad.  Sol.  11£,  1513  {1893);  A.  Rosenheim  and  6. 
Sohiitte,  Z.  anorg.  Chem,  239  (19()1), 

IV,  A.  V,  Pamfilov  and  T.  A,  Chudyakova.  Zlh.  Obschey  Khlzail 
1443  (1949). 


Zirconium  Suifoles 


Zr(SO,)t'4H.O 


Hauser  and  more  recently  Falinskl  have  made  a thorou^ 
stu(^  of  the  system  ZrC^/Sl^/HaO  as  a function  oftheSOs 
concentration.  It  was  found  that  the  tetrahydrate  Is  formed  on 
addition  of  ZrOCla-SHgO  to  a sulfuric  acid  containing  less  than 
64%  SO3  (d  1-714),  The  tetrahydrato  solubiUty  Is  then  2%.  The 
minimum  solubility  (0.3%)  corresponds  to  50%  SOa  In  the  acid 
(d  1,517), 

If  the  SO3  content  exceeds  64%,  acid  sulfates  precipitate: 
Zr(SO4)3*Ha504*3Ha0  at  an  SO3  concentration  of  64f  72%,  and 
Zr  (SO4 ) a . H 3SO4  . H sO  at  72-79%  SO3. 


Formula  weight  366.41.  Orthorhombic  crystals.  The  bafito 
salt  preclpitat8fi  slowly  from  nsutral^  saturated  solution^  rapldjy 
from  dilute  solution  or  above  40"C.  j , . a 

hi  sulfuric  acid  sohitlon,  the  Zr  migrates  to  the  anode  li^h« 
of  to  the  cathode;  therefore,  the 

present  in  the  form  of  a disulfatooxozlrconic  acid  CSbJOZ  • 

3HaO). 


The  anhydrous  salt  is  obtained  by  evaporattos  of  the  tefera^ 
l^ydrats  ov  Zr  oj^chloridis  wltli  conCt  HaSOia 


int 
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TkiS  100  K*  Of  ZrCCU^SHaO  Is  mixed  with  50  g.  of  cone, 
ftrtd  after  termination  of  the  gas  evolution,  careful^ 
5SiJ!?’jrs.Irrto»  o»  . b«h.  The  dlhydrete  ot  U.. 

auVote  crvstAlUaee  out  as  an  Intermediate  In  the  process,  taut 
aacoioi»<se8  on  furtler  heating,  giving  off  ad^tioMl  HgO.  The 
1^504  Is  oojnpletely  evaporated  by  heating  to  35d-3S0  Q. 
The  product  Is  allowed  to  cool  in  a desiccator. 


PROPERTIES: 

Formula  weight  283.35*  Miorooiystalllne  powder.  Very  hygro- 
scopio?  in  air,  forms  an  unstable  solution  from  which  the  normal 
tetrabydrate  crystallizes  after  some  time*  The  anhydride  dissolve b 
more  rapidly  In  a small  than  In  a large  amount  of  water,  since  tho 
temperature  rise  produced  by  the  heat  of  hydration  sharply 
accelerates  the  solution  process. 


REfEHEKCES: 

Hauser,  Z*  anorg*  allg.  Chem,  106,  1 (1919):  M.  Falinskl* 
Ana,  Chimle  16,  237  (1941), 

Purification  of  Zr  salts  via  the  tetrahydrote 


One  volume  of  cono.  Is  added  to  two  volumes  of  a mod- 

erately cone,  aqueous  solution  of  2r  sulfate  or  chloride;  the  thlck^ 
white,  crystalline  precipitate  of  is  readily  filtered 

with  suction  on  fritted  glass  of  medium  porosity.  Since  1 g,  of 
the  salt  difisolves  inlml,  of  H^O.the  Zr  sulfate  le  easily  diseolved; 
it  is  repreoipitated  by  addition  of  cone,  The  Iron  Is  ef- 

ficiently removed  during  the  reorystaUlzatlon  provided  the  solution 
contains  about  10%  HCl.  After  each  precipitation^  the  solid  Is 
washed  several  times  with  a solution  made  up  of  15  parte  by 
volume  of  HaOt  eight  parts  of  cone,  l^SO^  and  one  part  of  cono* 
hydrochloric  acid,  followed  by  three  washings  with  acetone.  Al- 
cohol should  not  he  used  for  washing,  since  it  forms  complexes 
<ktrlng  the  further  precipitations* 

coinmerclal  ZrC^  (equivalent  to  1731  g*  of 
ZrfSO^),-  40 was  dissolved  In  I&OO  ml*  of  H3P  and  250  ml, 

l^SOi  was  added,  precipitating 
ft40  g,  (94%)  of  Zr(S04)^*4Ha<>;  five  adc^tlonal  crystallisations 
« this  proAiet  (under  identical  condlttons)  finally  give  1212  g, 
tetrafrjfdrate.  The  following  table  shows  the  degree  of 
puiflcaUon  achieved  1 


llVtCfldl  Ft 
* f tWCETMtUznl  — 


" -^o.oooix  <=oioooois 

Me*  Si  Ca,Cti,Mii  _ — 

" - C»,Ms,Ni.Sl  Ab  Fe,Cu 
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A reslduAl  Fe  content  up  to  0,01%  may  be  removed  by  meM 
reciystalllzation,  without  the  addition  of  HCl-  The  Hf  eonteof  <rf 
2,7%  TSmainfl  unchanged, 

REFEHElflCE^ 

w.  s*  Clabaugh  and  R.  GUchrlBt.  J,  Amer*  Ch&m,  Soo*  24,  2104 
{1952). 


Tiidnium^  Zirconium  ond  Hdfnium  Nitrides 
TiN*  ZrN,  HfN 


Titonium  Nitride 

A number  of  procedures  are  available.  The  simplest  is  the 
industrial  process  starting  from  TlOa  + C + described  tn  method 
I,  If  metanio  Tl  Is  availablOp  synthesis  from  the  elements  Method 
R)  is  recommended.  Very  pure  nitride  in  rod  or  wire  form, 
especially  well  suited  for  physical  measurements.  Is  obtained  by 
vapor  deposit  ion  {method  HI),  An  additional  method  of  lesser  tm- 
portai^ce  consists  of  the  reaction  between  TlCl^  and  (method 
IV). 


I,  STiOt  + 4C  + Ni  --  ^ 4CO 

4S.0  2S,Q  U2.0 

The  Industrial  process  does  notytelda  pure  product*  Acetylene^ 
derived  carbon  black  is  degassed  at  1200^0,  mixed  with  TlO^ 
(mole  ratio  1:2),  and  the  mixture  placed  to  a silicon  carbide  or 
molybdenum  boat;  it  Is  calcined  for  three  hours  at  1260*C  In  a 
stream  of  Njj.  The  product  contains  &8%  nltHde;  the  rematoder 
is  lower  Tl  oxides. 


R.  3Ti  4*  Nt  = £TiN 

95.8  28.C  iW.S 

la  the  first  stage  of  this  praparatton,  the  ductile  metal  absorbs 
small  quantities  of  Na  and  thus  becomes  brittle;  it  can  then  bo 
pulverized  for  further  treatment  with  nitrogen. 


TREATMENT  WITH  NITROGEN 

Titanium  filings  ground  to  pinhead  size  andtreatedae  deserfoed 

in  the  dtrectionfl  for  the  prepa^lon  of  TiO 

in  a sliteoB  carbide  or  mofjdxtonum  boat  and  heated  to  1200  G 


P.  EHRLICH 


ter  hours.  The  operation  Is  carried  out  In  a hard  porcelain 
tube  te  a stream  of  pu«.  dry  Na*  The  product  has  the  approximate 
oomiMvalti^n  It  Is  finely  ground  and  subjected  to  a second 

^Kr^Batlon.  The  desired  composition  is  attained  In  two  to  three 
rasetltlons  of  the  procedure.  The  quall^  of  the  product  is  ad- 
ve^ly  and  decisively  affected  by  the  presence  of  the  slighteet 
traces  of  Oj  or  Ha|0  during  heating. 

PRtSlNTEHlNG 

The  products  prepared  in  the  above  manner  are  ground  as  finely 
as  possible  and  compressed  under  2000  kg  ./cm?  into  rods  3 x 40 
or  5 X 40  mm.  Successful  molding  uBiially  requires  the  addition 
of  3-5%  of  metal  powder.  The  rods  are  embedded  In  nitride  powder 
(to  prevent  formation  of  an  oxide  coating)  and  pre sintered  in  a 
small  tubular  tungsten  furnace  (cf.  Part  I*  p.  40J  at  about  2300 
in  a stream  of  N*;  the  small  amount  of  free  metal  Is  cmivarted 
to  nitride  in  the  process.  Since  the  reaction  is  usually  accompanied 
by  considerable  shrinkage  of  the  rods  and  concomitant  appearance 
of  porosity,  the  material  must  be  repulverlzed,  remolded  and  re- 
sintered,  This  procedure  Is  repeated  two  to  four  times,  until  the 
presintered  rods  exhti>lt  some  constancy  of  density. 

HfGH-TEMPERATURE  SINTERING 

When  the  rods  have  attained  sufficient  strength  and  density 
in  the  presioteriog  process,  they  are  fastened  with  clamps  in 
preparation  for  direct  electrical  heating.  The  operation  Is  carried 
oat  In  technical-grade  Ar  containing  12-15%  N a;  the  equipment  used 
has  been  described  by  C,  Agte  and  H.  Alterthum,  Z.  techu,  Phys, 
U,  182  (1830). 

The  nitrides  are  heated  to  Just  below  their  melting  points. 
At  these  extreme  temperatures,  all  Impurities  (except  some  oxides 
and  the  carbides)  possess  higher  vapor  pressures  than  the  nitrides 
and  therefore  evaporate.  However,  the  oxides,  even  though  their 
melting  points  are  lower,  are  difficult  to  remove.  The  carbides, 
with  higher  melting  points  than  the  nitrides,  remain  unchanged. 

Dh  2TSC1,  + N,  + 4H,  = 2TiN  + 8 HCl 

W-4  2S.0  8,1  125,0  291.7 

'fto  technique  in  the  vapor  deposition  process  is  the  sareo 
M that  described  for  the  preparation  of  the  metals  (Ti,  Zr  and  Hf) 

m the  phase,  except  that  the  gas  used  here  Is  a TlCl*" 
•grated  mixture  of  Kj+N,  (the  reaction  at  the  glowing  wire  is 
toss  successful  with  Na  alone), 

^ in  filled  with  a mixture  of  equal  volumes  of  Ha 

«».  The  gas  bubbles  through  a 36 'C  wash  bottle  filled  with 
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TlCU  (p  of  TiCi4  - 17  mm,),  Tbogas  flow  rate  la  gf  m Importaxicef 
^xo^pt  tb&t  It  must  be  low  enough  to  achieve  saturatloiLa  The  optimum 
reaction  pressure  is  about  30-40  mm,*  measured  with  a manometer 
whose  mercury  aurfaoe  Isprotectedby  athlnfllm  of  butyl  pbthalate* 
The  reactor  la  a round^^hottom  Pyrex  flask  with  Inlet  and 
outlet  tubes  for  the  gas  fused  on  the  sides.  The  aro^ shaped  glow 
wire  (about  8- 10  cm,  long)  is  welded  to  two  thick  tuagsteu  eleotrodea; 
these  are  sealed  into  a ground  joint  Inserted  through  the  bottom 
of  the  flask.  The  0*3-mm,  glow  wire  may  be  either  W or  Ta* 
Wires  of  Ta  can  bo  directly  welded  to  the  W rods*  whereas  the 
W wires  have  to  be  conneotcd  via  a short  Ni  bririfecplece* 

In  the  course  of  the  reaction,  the  glow  wire  Is  heated  to  about 
1450*C;  since  the  depoaltled  TIN  is  itself  a good  electrical  con^ 
ductox,  the  current  must  be  raised  from  10  to  about  22  amp*  with- 
in the  first  40  minutes.  One  eerious  disadvantage  of  the  process 
is  the  fact  that  the  temperature  cannot  be  measured  with  an  optical 
pyrometer  because  TtCla*  one  of  the  products  of  the  fast  decom- 
position of  TiCl4*  soon  coats  the  flask  walls.  One  must  resort* 
therefore,  to  indirect  estimation  of  the  temperature  by  measuring  it 
In  a blank  run  with  gases  containing  no  TiCl*,  The  nitride  deposits 
as  a fine  cryatalllne  coating  of  copper  to  gold  luster* 

Alternate  methods: 


IV*  TiCl, 

wj  iro  ei-9 

As  we  have  indicated  before*  this  process  Is  less  desirablje* 
Chlorine’* containing  TIN  is  formed  (in  poor  yield)  on  the  walls  of 
a porcelain  tube  in  which  a gaseous  mixture  of  TICI4  and  NH^  Is 
thermally  decomposed  at  600 "C*  The  same  result  is  obtained  when 
the  solid  compound  TIGI4 -4^113  is  placed  at  the  f r<mt  end  of  the 
tube^  evaporated  in  a stream  cf  NHa,  and  allowed  to  react  at 
SOO^C* 

The  T1CI4  ammonlate  is  prepared  by  distilling  the  TiCl*  into  a 
bomb  tube  and  covering  the  liquid  with  excess  NHa  at  60  C; 
the  pale  yellow  compound  la  formed  after  shaking  the  sealed  tube 
for  12  hours  at  room  temperature* 

The  '*orude  nitride' ' formed  at  SOD^C  is  heated  la  a hard 
porcelain  tube  at  1500*C  for  six  hcFurs  Jn  a stream  of  NHg  to 
obtain  a Cl- free  product  of  the  composition  TIN. 

PaOPEOTE&Si 

Bronae-colored  powder.  M.p.  2950 ‘C;  d 5.21,  Somewhat  dia- 
flociated  at  the  melting  point.  Crystal  stnioture;  type  Bl  pjaCl 
type).  This  structure  holds  for  a wide  range  of  compositions 
{TiNj.o-TlNo.*).  Vary  good  electrical  conductor. 


in* 
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In  HCl,  BNOa  and  HaSO*.  ev«n  oa  boiltog;  dlssolvea 
miMtr  to  hot  «4ua  mgia.  Evolves  NH,  on  boiling  la  potassium 
l^droxlda  and  on  tw&ting  In  soda  Urns. 

Zitcoalum  Nitride,  Hafnivm  Nitride 

Thnss  compounds  are  prepared  by  the  same  methods  as  above. 

L The  ei^rimeatal  arrangement  is  the  same  as  for  TlK,  except 
that  the  reaction  temperature  la  higher  (about  1300 ”C).  Etnce 
Mo  begins  to  form  a carbide  at  this  temperature,  the  equipment 
must  be  made  of  tungsten.  The  products  are  only  about  90%  pure- 
the  ramalsder  Is  mainly  the  oxide, 

n.  Yellowish-brown  ZrN  (m.p,  29S0“C)  is  aynthesiaed  from  the 
elements  ly  heating  the  latter  for  two  hours  at  1200  “C,  The 
corresponding  temperature  for  HfN  is  1400-1500®C. 

HL  The  vapor  deposition  method:  If  Ha  (or  Ha  + Ng,  or  NHg)  Is 
the  carrier  gas  for  ZrCl4  (or  HfCl*)  the  required  wire  tempera- 
tures are  2000-2400‘’C.  With  pure  Ng,  the  temperature  must  be 
2900°C  and  the  rate  of  deposition  is  considerably  slower. 

Nitridation  of  Zr  wire  by  heating  in  pure  Ng  produces  ZrH 
at  veiy  low  rates  and  in  a very  loose  and  brittle  form,  even  if  the 
temperature  is  almost  at  the  melting  point  of  the  metal  (1660*'C). 

HEFEnENCES; 

General:  C.  Agte  and  K.  Moers.  Z,  anorg.  allf,  Chem,  19S,  233 
<1931). 

L E,  Friederich  and  L.  Sittig,  Z,  anorg,  allg.  Chem.  143, 293  (1925). 
n.  P.  Ehrlich.  Z,  anorg.  Chem.  2^,  1 (1949):  G.  L.  Humphrey, 
J,  Amer,  Chem.  Soc.  75,  2308  (1953). 

HL  A.  E,  van  Arkal  and  J.  H.  deBoer,  2,  anorg,  allg.  Chem.  149. 
345  (1925):  F.  H.  Pollard  and  P.  Woodward,  J.  Chem,  Soc, 
(London)  1948.  1709;  Trans,  Faraday  Soc.  190  (1950); 
F,  H.  Pollard  and  G.  W.  A.  Fowles.  J,  Chem,  Soc.  (Loudon) 
la&g,  2444. 

IV.  A.  Brager.  Acta  Physlochlm,  UltSS  617  (1939):  see  also 
0-  Ruff  and  F,  Eisner.  Ber.  dtech,  chem.  Gob,  41, 2250 
(1908);  900  (1909). 


Tharfum  Nitride 
Th,N, 

aih  + 2N,  - Th,N* 

SA.Q  752,4 

Tteften  nttrldfi  ia  ufiuaJ^  prapated  by  boating  Th.  filings 
TB3m  of  diy  f piuro  K a,  Tho  reaction  is  complete  In  thrw 
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hours  at  300**C«  The  presence  of  oxide  in  the  metal  IfiF  deitf* 
mental  (products  lower  in  K are  formed)* 

H,  Alternate  methods: 

a)  3ThCl,  SN,  + BH,  + 12HC1 

U2,a  &e  75  a m 

Since  Th3N4  is  not  an  electrical  conductor,  the  method  of  vapor 
deposition  (used  in  the  preparation  of  pare  TIN  and  ZrN)  given 
poorer  results.  Thus*  solid  ThCi*  is  made  to  react  with  N3  4^  In 
a flask  Tnaintaiced  at  SOO'^C,  The  tungsten  glow  wire  ts  at  < lOOO^C, 
The  yield  Is  poor. 

b)  3ThqjH-aC  + = ThjN*4'  eCO 

793.4  72.1  56.0  752.4  Iflftl 

A sintered  tungsten  rod  containing  ThOa  + graphite  ts  calcined 
above  2000*C  in  a Nj-oontalnJng  atmosphere;  blaok  ThaN* crystals 
and  lighter*  oxlde-contalnlng  products  are  formed, 

PROPERTIES: 

Dark-brownt  almost  black  powder.  Stable  in  dry  air;  readily 
soluble  in  acids, 

REFERENCES: 

L B,  Neumann,  C-  Kroger  and  H*  Haebler,  Z,  anorg,  aJlg,  Chem, 
145  (1932), 

n,  W,  and  M,  Huniger.  Techn,  Wissraeohaftl,  Abhdlg, 

Osram  2,  357  (1931), 


Titanium  Tetronitrcte 
Ti(NO,)^ 


1* 


TiCU 

1S9-7 


+ 4Nt04 
4I32J0 


Ti(NO,)*  + 4NOtCS 
196.0  325.7 


A aolutioa  of  3 ml.  {5.1  g.J  of  TiCl,  la  10  mi.  of  CCU  to  cooted 
with  Dry  Ice  to  a two-neck  flask  provided  wife  a dropping 
and  a reflux  condenser  which  to  protected  ^ 
aoliitton  of  11.6  g.  of  CCUiB 

A yellow,  flocculent  prectpltete  tome  ae 

(—23*0,  that  is*  after  removal  of  the  coolant.  As  the  tompotaxftm 
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rlSftS  from  — 2S*C  to  room  temperature,  the  preelpttate  dissolves 
vlth  evolution  of  a gas.  If  too  violent,  the  bubbling  may  be  slowed 
down  tar  cooling.  Solution  of  the  last  fraction  of  the  precipitate 
Is  accelerated  by  mild  heating.  The  volatile  components  (NOaCl 
OCI4I  are  removed  by  vacuum  distillation,  leaving  a residue  of 
the  \ritlte  TlINOa)**  which  may  be  purified  by  sublimation  In  high 
vacuum  at  50*C.  Part  of  the  product  denomposes  In  the  process 
Into  N^s  and  nonvolatile  TlOfNOala, 

n.  TiCli  + 4CINO,  = Ti{NOaJ,  + 4 Cl, 

1S9.7  3S9-9  MC-O  2M,ft 

A Urge  excess  of  CINO3  is  condensed  at  liquid  nitrogen  tem- 
perature onto  the  surface  of  2-A  ml,  of  TiCl*,  frozien  in  a cold 
trap  at  high  vacuum.  The  trap  Is  connected  to  a surge  vessel  and 
the  temperature  Is  raised  to  — 30*C,  The  reaction,  which  is  ac- 
companied by  evolution  of  chlorine,  is  complete  after  a few  hours. 
The  volatile  components  (Cl 3 and  excess  ClhtOs)  are  then  distilled 
off  la  vacuum  at  room  temperature.  The  Ti(N03)4  residue,  la 
the  form  of  a crystal  cake,  may  be  further  purified  by  aubllmation 
at  50*C. 

PaOPEHtlES; 

After  sublimation  alight^  above  themelting  point,  white  needles. 
M.p,  58.5 ‘C,  Decomposes  at  about  IDO^C. 

REFEBENCES: 

I.  M,  Sehmeisser.  Angew,  Chom.  §7,  493  (19551;  D.  Liitzow. 

Tbesis,  Univ.  of  Munich,  1955, 
n.  W.  Fink.  Thesis,  Univ.  of  Munich,  1956. 


Thorioui  Nitrate 


Tb(NO,),  -iiHtO 

recovery  or  thorium  salts  from  monazite 

Tim  mechanical  ore-dressing  process  yields  a monazite  sand 
coaeentrate  consisting  of  a mixture  of  Th  silicate,  rare  earth 
WPbates.  SlOa  and  usually  4-5%  ThOs.  The  material  is  oal- 
sn*  ®^®*****^  dissolved  try  prolonged  digestion  with 
cow.  Hb804  at  216"C,  After  cooling,  the  pasty  mass  Is  dissolved 
^ ““  ^ undlsBolved  material  Is  filtered  off.  Further 
may  proceed  via  the  following  methods. 
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1,  Li  this  method.  Th  ie  qu&ntiiatlvely  precipitated  ae  thepbotfr 
phate,  together  with  & email  amount  of  rare  earth  phoBfiiatee; 
this  is  accomplished  by  neutralisation  and  dilutioii  of  the  sohltlen. 
The  phosphates  are  dissolved  in  cono.  hydrochloric  acid  and  pre^ 
clpltated  with  oxalic  acid,  and  the  thoroughly  washed  precipitate 
is  extracted  with  warm  aqueous  Na^COg.  Most  of  the  rare  earths 
stay  In  the  residue,  while  the  thorium  dissolves  in  the  form  of  a 
carbonate  complex,  NaaTli{C03>fi.  The  material  is  freed  of  the 
remaining  traces  of  rare  earths  by  repeated  ciystalllzatton  in  the 
form  of  the  sulfate  Th(S04)s*  SHaO.  The  proce^re  cousists  of 
precipitation  of  the  hydroxide  with  ammonia  and  solution  of  the  latter 
In  sulfuric  acid  to  re-form  the  sulfate.  The  precipitate  from 
the  last  purification  stage  is  dissolved  in  nitric  acid  to  yield  the 
nitrate, 

{In  an  older  process,  the  Th  and  the  rare  earths  are  copre- 
clpltated  as  oxalates  from  the  initial  acidic  solution.  The  Th 
is  extracted  as  the  caibonatothorate  by  treatment  with  aqueous 
NagCOs  solution.] 


II.  A good  yield  of  ThOg  mt^  be  cl>tained  in  arvother  process  used 
primarily  for  production  of  the  rare  earths.  The  filtered  sul- 
fate e3Ctract  Is  treated  with  MaaSO^,  to  precipitate  the  cerium 
earths  {as  double  sulfatee);  the  corresponding  Th  salt  1183804,'^ 
Th(SOJa  ■ 6HgO  remains  in  solution.  The  mixture  is  filtered 
and  the  filtrate  is  heated  to  90*C;  it  is  treated  with  oxalic  acid, 
yielding  a precipitate  consisting  chiefly  of  Th  oxalate. 

Further  treatment  Is  the  same  as  In  method  L 

III.  PURIFICATION  OF  THORIUM  NITRATE 


Very  pure  NH4NO3  is  added  to  a solution  of  the  crude  nitrate; 
the  result  Is  the  double  nitrate  ThiNOsjd-KHANOg'SHi^).  The 
product  Is  further  purified  by  dissolving  In  triple- distilled  water, 
redistilled  nitric  aoJd,  and  concentrating  in  a Pt  dish  on  an 
electrically  he^ed  water  bath  until  crystallization  begins.  ThA 
solution  is  then  cooled  with  loo  and  constantly  stirred;  the  re- 
sultant crystals  are  centrifuged  off  and  redissolved  Th®  ^ 
cBthire  is  repeated  five  times,  yielding  about  50%  of  the  mitiak 


Th  as  the  double  nitrate, 

The  product  is  dissolved  In  very  pure  water,  fUtered 
precipitated  as  the  oxalate  by  addition  of  a nitric  wld  aoh^n  w 
purified  oxalic  acid;  the  precipitate 
with  alcohol,  and  dried.  The  >^sultant  Th  oxalat^^ 
immediately  to  the  oxide,  or  it  maybe  reconverted  to  the  nl^Eate. 
by  dlflsoiviog  in  oonc*  altrfo  aoid*  ' ^ ~ 
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IV.  MtrARATION  OF  I'HF  HYOKATES 

DeMadtue  oa  the  coadltions  of  preparation,  Th(N03)*  cryg- 
solutions  of  thorium  hydroxide  (or  from  HKO, 
Of  moderately  calcined  oxide)  with  varying  contents  of 
water  of  crystamsatlon.  When  a not  too  add  solution  is  con- 
oeatrated  hy  evaporation,  Th(NOa)-i  crystallizes  in  the  cold  with 
12  moles  of  HaO.  A solution  evaporated  at  15®C  yields  the  penta- 
tHdrate,  which  Is  stable  to  80  “C  if  heated  in  an  atmosphere  free 
of  COa.  At  higher  temperatures,  it  converts  to  the  trlhydrate,  and 
between  125  and  150 “C,  to  the  hemihydrate.  Above  ISO^C  the 
remaining  water  Is  split  off,  together  with  nitrogen  oxides. 

V.  PREPARATION  OF  THE  ANHYDRIDE 

Anbydroua  Th(N0a)4  is  prepared  by  treatment  of  the  lower 
hydrates  of  Th  with  N^Ob  condensed  at  — 78®C, 

PROPEKTE5: 

Formula  weights:  Th(W03)4  480..15;  570*28. 

Very  readily  soluble  in  H^O  aad  alcohoL  Dae  to  hydrolysis,  the 
aqueous  solution  becomes  acid  and  slovvly  precipitates  a basic 
sale*  The  commercial  product  usually  contains  about  four  moles  of 
it  usually  also  contains  some  sulfate*  Combines  very  readily 
with  aUcall  and  alkaline  earth  nitrates  to  yield  double  nitrates  (v^ery 
beautiful  crystals)*  The  alkali  salts  corresponding  to  the  formula 
AlkJTh(NOa)eJ  ciystalliEe  in  anhydrous  form^  and  the  corre- 
sponding alkaline  earth  compounds  with  eight  moles  of  K aP*  Watei^ 
containing  alkali  thorates  AikfTh(K03)fiJ  have  also  been  described. 

REfTHENCES; 

L D,  W,  Pearce,  R.  a,  Hansen  and  J.  C.  Butler  in;  W,  C.  Fem- 
elluB,  bicrg.  SjyntheBea,  Vol.  II,  New  York- London,  1946,  p.  38: 
see  also  H,  and  W,  Blitz,  Ubungsbelsplele  aus  der  unoiganls- 
chen  Experlmentalchemie  {Laboratory  Problems  in  Experl- 
TOnUl  Inorganic  Chemistry),  Leipzig,  1920,  p.  226;  and  L, 
Va^o,  Handbuch  der  Praparatlven  Chemie  JHandbook  of 
Pie^ratlve  Chemistry],  Vol.  I {Inorg,  Part),  Stuttgart,  1925* 
P* 

“■  3^-  Chem.  Ind.  66.  387 

this  article  also  lists  additional  references  on  the 

subject. 

^ Horovitz*  Sitz*-Ber*  Akad*  Wiseenpeh, 
^ (1^16);  s^ftlso  E,  H*  Archibald*  The  Prop-^ 
MMtai  Pure  Inojganic  Substances^  New  York,  1932*  p.  193- 
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IV,  E,  Chstuveoot  and  Souteyr and- Franck.  BulL  See,  Cfalm.  Frftfiee 
[43  4?,  U28  {1830), 

V-  P.  MiscIaletU  Gazz,  Chim.  ItaU  6fi*  »&3  (1930);  &M  atoo  J*  B< 
Ferraro,  L*  J.  Kat^ln  and  Q*  Gibsen,  J*  Ainer,  Ohera,  Sqc4 
77,  327  (1955). 


Titanium  Oxonitrote,  Zirconium  Oxonitrote 
TiO(N04)*,ZiO(NOj), 

Til,[ZrIil  -h  4N,0*  = Ti(NO,)4[Zt(NOj)*l  + 4NO  + 21, 

5S5.G  S9S.^  295.9  33PJJ 

Ti(NOa}i[Zr(NOi)*l  - TiO(NO,),[ZrO(NOa),]  + 2 NO,  ^ !/2  O, 

339.3  1S7.9  355,3 

A suspension  of  Ttl^  or  Zrl^  In  aidtydroua  CCI4  In  placed  in 
a th3:e$-neck  flask  and  agitated  with  a magnetic  stirrer.  Diy 
dinitrogen  tetroxlde  !s  then  bubbled  through;  the  excess  gas  and 
the  NO  formed  In  the  reaction  are  allowed  to  escape  through  a 
PaOs  tube.  On  contact  with  the  gas,  the  liquid  aesumee  a deep 
violet  color  due  to  liberation  of  Iodine,  After  about  one  hourf  the 
product  is  suction- filtered  through  a sintered  glass  plate;  this 
operation  is  carried  out  in  a dry  box  In  flowing  nitrogen  (see 
Part  Ip  p,  71),  The  product  Is  then  washed  with  anhydrous  CCU 
and  the  advent  removed  In  vacuum. 

PROPERTrE:S: 

The  almost  white  f powdery  oxonltratea  are  hygrosoeplo; 
heatings  they  are  converted  to  the  dioxides  without  meitlngp  Soluble 
in  alcoholp  insoluble  In  benzene  and  CCI4. 

FtErEREWCE:  . ' ‘ 

V*  Gutmann  and  H*  Tannenberger,  Monatsh.  Chem.  §Jp  424  (15561^^:^ 

r.  . .f.-t; 
■■■ 

Titanium  Phosphide,  Zirconium  Phosphides,  Thorium  Phosj^Mde 

^ -V-MMt 

TiP,  ZtP„  Zip,  ThJ* 


Titanium  Phosphide 

I.  The  prooesa  recDiwaeixded  for  the  preperatloa  bf 

I*ides  isthepresflureaynthestefro(mth6el©meiits.ih(h» 
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Ti  -f  P - TiF 
47.9  31,0  ra,n 

BitlK  et  al*  give  the  folloiving  procedure:  2 g,  of  Ti  fringe 
tfraund  to  plnliead  size  (for  their  preparation  see  the  directions 
given  for  the  lower  titanium  oxidesj  p,  1214)  and  4 g,  of  rod  P 
»re  weighed  Into  a smaU  ceramic  or  sintered  clay  cylindrical 
cnacible.  The  materials  are  degassed  by  fanning  with  a flame  in 
high  vacuum  and  are  then  sealed  {in vacuum) Into  a quartz  pressure 
tube*  The  colder  half  of  the  tube  iB  heated  to  450  while  the 
TI  side  is  maintained  at  950 "C-  Two  three-day  periods  are  needed 
for  the  reaction.  After  the  first  period,  the  tube  is  slowly  cooled 
for  3-4  hours,  and  the  unreacted  P is  thus  distilled  into  the  cooler 
section.  The  product  is  readily  ground  In  an  agate  mortar,  an 
indication  that  the  ductile  TI  metal  has  reacted*  The  grinding  is 
carried  out  under  CS^,  which  is  then  removed  with  alcohol  and  by 
drying  In  vacuum  over  KaOH  at  120^140^0,  Microscopic  examination 
of  the  dark-gray  metallic  product  should  show  no  red  phosphorus. 
The  phosphorus  quantity  used  for  the  second  reaction  stage  should 
again  correspond  to  an  atomic  ratio  of  3 P;I  Ti-  The  product 
treatment  after  the  second  three-day  heating  period  is  the  same 
as  that  after  the  first.  The  resultant  phosphide  does  not  correspond 
completely  to  the  formula  TiP  (maximum  composition  Is  TiPo,^^), 

IL  TiC!^  -h  PH,  ^ TiP 

1S9.7  liro  78,<J 

The  method  of  Gewecke  starts  from  phosphine  generated  from 
yellow  P and  KOH^  the  gas  is  washed  with  oonc-  hydrochloric  acid 
to  remove  spontaneously  igniting  phosphorus  hydrides,  followed  by 
NaOH.  It  la  dried  in  two  U tubes  filled  with  CaCla  pieces  (broken 
up  from  a solidified  melt  of  the  salt)  and  two  P^Og  tubes. 
The  gas  enters  the  reaction  apparatus  proper  through  a trap 
(— 250*C)  designed  In  such  a way  that  any  gaseous  TlCl 4 backing 
up  <hiring  the  reaction  will  condense  out.  The  PH  3 train  is  con- 
nected to  the  reactor  via  a ground  joint,  with  a two-way  stopcock 
(for  venting)  Inserted  In  the  line- 

The  reactor  consists  of  a a spherical  TiCl*  vessel  followed  by 
ahcflttqg  tube  40  cm,  ioug.  Both  the  vessel  and  the  tube  are  Vycor, 
Tm  gases  then  flow  into  an  ordinary  glass  receiving  flask  for 
TfCl*  and  absotptlon  tubes  for  PHg  (one  contains  aqueous  CuSOi  and 
me  other  copper  wire  mesh). 

. ^ filled  with  Ha*  The  reaction  tube  is  heated 

r_  ^ S..  generator  is  started  fhls  requires  ^*4 

Mur»k  The  TICI4,  which  is  kept  cold  up  to  this  time,  is  now  heated* 
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The  chloride  vapor  reacts  with  the  phospblce  in  the  hot  roaotlovi 
tube  (reaction  time:  about  three  hours).  Aa  In  the  preparation 
of  TJSg  from  TiCl*  and  HaS,  the  TiCl^  may  be  cycled  book  amiS 
forth  through  the  tube.  The  titanium  phosphide  product  la  a 
light- gray,  high- poll  ah  mirror  deposited  on  the  tube  walls.  However, 
the  product  is  not  free  of  the  chloride  even  after  treatment  at 
350 '"C  in  high  vacuum,  Preparaticna  with  maxfanum  phosphoTtiA 
content  correspond  to  TlPa.eg  ; the  yield  Is  modest. 

PftOPEHTI£5] 

Black- gray  powder  with  a metalUo  appearance;  attacked  onfy 
slightly  by  acids  even  when  heated;  thermally  very  stable;  it  is 
assumed  that  a subphosphide  exists,  d 3.34. 

REFEaENCESi 

W,  Biltz^  A*  Rink  and  F.  Wlechmann.  Z,  anorg,  ailg*  Cfaem-  2^, 
335  (133S);  I,  Gewecke*  Liebigs  Ann,  Z§1^  70  (1308);  for  data 
on  the  system  TiC4/Pfla,  see  E.  RoltJCt  Z,  anorg*  allg.  Gbem. 
190,  246  (1930}. 

Zirconium  Phosphides 

The  pressure  synthesis  used  for  TIP  Is  also  employed  In  the 
preparation  of  compounds  of  the  Zr/P  system.  First  stage: 
treatment  in  a Faraday  tube  for  50  hours  at  a 1000/500“C  gradient; 
atomic  ratio  1 Zr:4  P.  Second  stage:  aftertreatment  in  a quarts 
P3f0ssure  tube  (wall  thickness  4 mm.,  T,D,  12  mm,)  for  50  hours 
at  SOO^C.  The  product  is  black-gray  ZrP^;  this  maybe  degraded 
to  ZrP  in  high  vacuum  at  820  “C,  If  the  deet red  composition 
does  not  exceed  2rP<i,  the  second  stage  merely  Increases  the 
homogcnftily  of  the  product.  Since  vapor  pressure  then  ceases 
to  be  a factor,  ordinary  quartz  tubes  may  be  used. 

The  diphosphlde  ZrP®  may  also  be  prepared  via  jnethodU 

for  TiP. 


REFEaENCE: 


E,  F,  Strotzer  and  W.  Biltz-  Z.  anorg,  allg.  Cfeem,  2M,  216  (l&SS). 
Thorium  Phosphide 


One  heating  oyoie  to  the  Faraday  apparatus 
Th  P fa  ni^hr^asDhide  ThP  o>a  exJsts).  The  rewrfantB 

tor^f^r  to  . tontoo.  With  . MV480-C  g»«»t 


•IM 
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Tatto  of  Th:P  = 1:3>.  The  absorptivity  of  Th  for  x-rays  is 
and  tharaforo  minute  quantities  of  surface  oxide  interfere 
to  U»  x-ray  pattern  anat'sia.  Therefore,  for  preclalon  work 
ftmittoularly  when  the  product  is  a lower  phosphide)  an  empty 
^indHcal  crucible  is  first  heated  for  one  hour  (bader  high  vacuum) 
to  the  rear  seotioo  of  the  tubular  quartz  reactor,  while  the  small 
qeirta  flask  with  the  raw  material  at  the  front  end  of  the  reactor 
remains  cold.  After  cooling  of  the  rear  section  (in  high  vacuum), 
the  raw  material  is  transferred  to  the  crucible  and  the  reactor 
tube  is  sealed  off. 


REfTKENCE: 


E.  F,  strotzer  and  W.  BilU,  2,  anorg.  ^Ug,  Chem.  69  (19B8), 


Zirconium  or^d  Hafntum  Phosphates 

No  unequivocal  character! action  exists  for  the  phosphates  pre- 
cipitated from  Zr  sail  solutions , The  orthophosphate  is  formulated 
as  either  Zr{HPO+)3  or  Zr0(H3P04)a;  on  prolonged  heating  above 
700"Cp  it  converts  to  ZrPa07, 

L ZtOCU-6H.O  --  ZrO(H3PQ.)s  ZiP-O, 

332-.?  m,2  2^.2 

First,  ZrOCla  *SHgO  (2  g,)  is  dissolved  in  1,5  liters  of  6N  HCl, 
and  then  a solution  of  2 g.  of  Na^HPO^  in  1.5  liters  of  6JSI  HCl  Is 
added  in  drops.  The  finely  divided  precipitate  is  washed  by  repeated 
decantation  with  6K  HCl,  filtered  and  dried  at  90 "G,  The  product 
corresponds  to  Zr0(HsP0+)3. 

The  hafnium  analogue,  HfOlHsPOja*  Is  prepared  in  exactly  the 
eame  manneri  It  is  leas  soluble  than  the  Zr  salt* 

n.  AU^niate  method:  Solutions  of  Zr  sulfate  (2-5%  ZrO^  and 

Z^%  H3PO4  in  3K  etilfuric  add  are  added  simultanaously  in  drops 

to  2H  HaSO*at  7D*7S^C* 


PfiOPtBTIES: 


^arlngly  soluble  in  cone,  mineral  adds,  except  hydrofluoric 
*cw*  wnen freshly  precipitated,  soluble  (withforraation  of  a complex) 
^ exailc  add  and  cone*  An  acid- 

w compound  Is  formed  when  a odd  suspension 

**  reacted  with  an  WaOH-NasOa  solution  and  then 
at  70  c*  ZrPjjP^  crystallizes  In  the  cubic  K lattice. 
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l^EFEJiENC£:&: 

1,  G.  Hevesy  and  K,  Kimura,  Ai^ew,  Chem.  38,  77S  (lS2$)j  J* 
Amer,  Chsm.  Soe.  3540  (1&2S);  see  also  J.  H.  de  Boer,  Z, 
anorg.  allg.  Chem.  IM.  193  (1925). 

IL  E,  M.  Larsen,  W,  G.  Fernellue  and  L.  L.  Quill,  Aualyt.  Cltem. 
15,  512  (1943), 


Tttantu m.  Zirconium  and  Hofntunt  Carbides 

Tic,  z*c,  arc 


Titonium  Carbide 

Methods  I to  III,  given  in  detail  for  the  preparation  of  TIN, 
are  also  useful  for  eynthesis  of  carbides.  These  are:  I)  the  in- 
dustrial process  TiOg  + C;  II)  synthesis  from  the  elements;  and 
m)  vapor  deposition.  The  last  process  may  be  modified  by  first 
depositing  the  metal  from  a vapor  and  then  converting  the  deposit 
(on  a glow  wire)  to  the  carbide  by  heating  in  a hydrocarbon  at- 
mosphere (method  IV),  or  by  using  a glowing  carbon  wire  in  an 
atmosphere  of  TiCU  vapor  (meUiod  V). 


I,  TiO-  + 3C  = TiC  + 2CO 

Te.»  3S.0  59.9 

la  the  method  of  Agte  and  Moera,  a mixture  of  pure  TlO, 
and  acetylene-derived caibonbiack (the  latterdegassed  at 2000*C)  is 
placed  in  a graphite  boat  and  heated  for  half  an  hour  in  a tubular 
graphite  furnace  to  1700-1800"C.  Very  pure  and  diy  H,  Is  used  to 
flush  the  apparatus.  Since  the  hydrogen  reacts  with  the  hot 
graphite  tube  to  form  hydrocarbons,  the  caibon  content  of  the  raw 
material  mixture  should  be  15-25%  less  than  the  stoichloanetric 
ratio.  The  products  usually  still  contain  some  oiQrgen, 

If  the  TIO 3 + 3C  mixture  is  heated  very  rapidly  (within  20 
minutes)  to  1900"C  in  a stream  of  Kaor  CO,  a product  contalntog 
19.5%  C may  be  obtained  (as  demonstrated  by  Meyerson);  further 
heating  reduces  the  carbon  content  to  17%,  because  of  decarbooi— 
zatlon. 


PItESINTEHINC 

The  carbide  rods,  made  of  powder  comppeBsedat2000  kg^oni  ?, 
are  heated  in  a graphite  boat 
temperatures  between  2500  and  30O0-C  and 
temperatures  for  about  15  minutes.  The 

against  surface  absorption  of  additional  carbon  hy  ddh^ 
rods  in  oarblds  powdsr* 
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CU6  to  oottSldorablo  shrinkage  of  the  rods,  the  prooeBsee  of 
wpalverlaatloii,  tecompreaston  and  reslnterifig  must  be  repeated 
tljnaes, 

HlCH-miPKR  ATIfRK  SENTBIRDNG 

SJiwe  the  carbides  decompose  in  vacuum*  the  high- temperature 
alateriiig  must  be  carried  cjut  iu  ao  atmosphere  of  techiUcaJ- 
Rrade  Iron  The  rods  are  heated  to  extremely  high  temperatures- 
Just  short  of  the  melthag  point  (for  a description  of  this  procedure, 
see  TIN,  p*  1234)-  Mbst  of  the  Impurities  evaporate  at  these  tem- 
peratures» leaving  a relatively  pure  product, 

H Ti  C — TiC 

^7.3  12.0  .■ifl.a 

Titanium  filings  are  mixed  In  the  stoichiometric  ratio  with 
acetylene-derived  carbon  black  (very  thoroughly  dogaesed  at 
2000^0,  and  the  reaction  le  started  by  heating  to  1800*C  in  a 
BeO  boat  placed  Inside  a high-vacuum  furnace  (see  Part  I*  40 
for  description).  The  beryllium  oxide  boats  are  set  up  Inside  the 
heating  element*  which  consists  of  tungsten  boats  {40  mm*  long, 
10  mm*  wide,  S mm.  high)  subjected  to  high- intensity  t^OO  amp*) 
low-voltage  current.  The  final  sintering  of  the  finely  powdered 
crude  product  requires  10  minutes  at  2400 

m,  in  this  process  a tungsten  wire*  which  serves  only  as  a 
substratum  for  the  deposit^  Is  heated  to  gJowipg  in  an  atmosfier© 
consisting  of  a volatile  halide  of  the  metal*  a carbon  compouzid  and 
Moers  recommends  the  use  o£  hydrocarbons  such  as  toluene* 
instead  of  CO;  the  deposition  of  free  carbon  with  the  carbide  Is 
avoided  If  the  partial  pressure  of  the  hydrocarbon  in  the  system  is 
low*  The  hydrogen  atmosphere  facilitates  considerably  the  reaction 
at  the  glow  wire  by  reducing  the  decompoaitioo  temperatures  of 
the  halides  to  a much  greater  extent  than  does  reduced  pressure  or 
even  vacuiun^ 

TICIi  -S-  CH. '^=’^TfC  + 4HCI 

1S9.7  le.O  .W.s  145.  B 

A pure  hydrogen  stream  {which  mustbefreeof  and  Oa  and  is 
^refom  most  conveniently  generated  by  electrolysis)  Is  divided 
*”?*  on©  of  which  is  passed  through  a 25*C  wash 

fU^  TiCl*,  the  otherthro^gh a similar  bottle  cojitalttlug 
y a*  —15  C;  the  streams  are  then  reocunbined  and  introduced 
reactor > The  glow  wire  is  maintained  at  a temperature  of 
^ constant  during  the  experiment  by  gradually 
nmulhg  toe  current*  Further  details  are  given  by  K*  Moers, 
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Alternate  methods; 

rV>  A modlftcatlon  of  tb©  method  Just  described  consists  In  hesttog 
the  metal  wire  prepared  by  the  vapor  deposition  process  tfi  ft 
hydrocarbon  atmosphere » This  modification  Is  notf  however « very 
convenient  in  the  case  of  the  lowsr^meltlng  metals  (Tl,  Zr)  since 
the  wire  temperatures  must  be  relatively  low  and  thus  very  Jong 
glow  times  are  required*  It  may  be  used  successfully  with  W,  Tft 
and  Hf. 

V,  Another  method  of  avoiding  introduction  of  the  tungsten  wire 
(which  is  used  as  a substratum  in  all  previously  deeciibed  vapor 
deposition  processes}  into  the  product  reverses  the  above  pro- 
cedure; i*e,j  a caibon  wire  Is  heated  to  tncandesoeiice  In  the  vapor 
of  a volatile  halide  of  the  metal  (in  the  presence  or  in  the  absence 
of  H5}, 

The  method  suffers  from  one  disadvantage:  the  die  sedation  of 
the  chlorides  at  the  glow  wire  does  not  cease  when  all  the  carbon 
originally  present  in  the  wire  has  been  consumed*  As  a result^ 
the  products  contain  varying  amounts  of  the  free  metal  dissolved  in 
the  carbide.  Carbides  of  stoichiometric  composition  are  obtained 
either  by  calcining  the  above  products  in  high  vacuum  fo  evaporate 
the  dissolved  metal)  or  in  a hydrocarbon  atmosphere  (to  convert 
the  excess  metal  to  carbide).  Further  details  are  given  in  the 
reference  cited  below- 


PROPERTIES: 


Gray  powder*  Insoluble  In  hydrochloric  acidi  soluble  ia  nitric 
acid.  M,p,  3410 “Cj  d 4.92.  Very  good  electrical  conductor  with  a 
positive  temperature  coefficients  Crystal  struoture;  type  Bl  (NaCl 
type),  with  a considerable  range  of  phase  composltlonB 
Tio-3). 

Zirconium  Carbide  and  Hafnium  Carbide 


These  compounds  are  prepared  by  the  same  procedures  as  tir* 
tanium  carbide*  The  reaction  miseture  consists  of  either  ZrOg  (or 
KfOs)  + 3 C,  or  Zr  for  Hf)  + C : the  reaction  temperatures  He. 
above  2000^0*  Since  both  ZrC  and  HfC  are  very  sensitive^ 
the  hJgh-^ temperature  sintering  stage  mustbeoarrledoutln 

Just  like  TlCj  both  ZrC  and  HfC  dissolve  carbon  when  njoUeJ^ 
This  phenomenon  is  most  detrimental  Jn  the  case  of  ZrC*  whose 
melting  point  Is  lowered  from  3500®C  to  about  2450  C by  the  a 
sorption  of  carbon;  the  carbon  is  released  on  cooUngp 

The  procedures  employed  for  the  preparation  of  TiC  by  the 
vapor  deposition  process  mnst 

of  ZrC  HfC,  since  both  ZrCl*  and  HfCi* are  solids, 
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is  ftitod  With  4t  auffloJeot  quantity  of  the  chloride  and  Ua 
foiMT  nactloik  is  heated  with  a small  furnace  to  a temperature  at 
^deh  the  vapor  pressure  Is  about  10-20  mm.  (that  Is,  to  about 
9Q0*G>.  The  same  applies  In  method  V.  „ ^ _ j ^ 

The  Industrial  preparation  of  ZrC  from  ZrSlO*  and  carbon  in  a 
sruihite  crucible  using  an  arc  ftimace  is  described  by  W.  Kroll 
et  al.  [Trans,  Electrochem,  SOc.  89.  263,  317  (1946J;  187  (1347); 

J,  Electrochem.  Soc.  94,  1 (1948)], 


RErERESCES; 

f?ftneT*V  C.  Agte  and  K,  Moers,  Z,  anorg.  aUg.  Chem.  1^,  233 

(1933).  . „ 

L G.  A.  Meyerson  and  Y.  M.  Lipkes.  Zb.  Prlkl.  Khlmil  18,  24, 
251  (1345);  see  also  £.  Frledetlch  and  L.  Sittlg,  Z.  anorg,  allg, 
Chem.  lit.  169  (1925). 

IL  P.  Ehrlich.  Z.  anorg.  Chem.  1 (1949). 
in  and  IV.  A.  E.  van  Arkel  and  J.  H.  de  Boer.  Z.  anorg.  allg, 
Chem,  148,  345  (1925), 

V,  W.  G,  Burgers  and  J.  C.  Baaart.  Z,  anorg,  allg,  Chem, 

209  (1934), 


Thoriwm  Carbides 


The,  ThCj 

ThO,  + 3C  ^ The  + SCO;  ThOi  + 4C  = TfiC;  + 2CO 

2M.I  3S.0  244.1  S6.V  2S4.1  45.0  2S6.1  56.0 

Thorium  carbides  are  prepared  In  an  electric  arc  furnace. 
The  arc  la  produced  to  a graphite  crucible  containing  the  re- 
aetton  mixture,  Abcut  200  amp,  at  110  v.  Is  required  to  melt  tha 

mixture. 

A mixture  of  ThO^  and  calcined  carbon  black  (0.24%  ash)  or 
powder  (0,33%  ash).  In  quantities  corresponding  to  the 
above  equations,  1b  made  into  a paste  with  a small  amount  of 
iM.ter  and  starch,  and  evaporated  with  stirring  (graphite  is  pre- 
mrred  to  carbon  black  because  of  Its  smaller  volume).  The  lumps 
of  dried  material  are  placed  In  a crucible  by  means  of  a porcelain 

prevents  them  from  being  carried,  out 
el  the  crucible  by  the  CO  gae  evolved  in  the  process. 


PBOTEBTIEB: 


*^yfc~yollow  pseudotetragonal  crystale  with  a 
Jneter,  H,p.  2650  *C;  d 8.96,  Completely  miscible  with 


iZ4^ 


3.2.^  TlTAJ^lUM,  ZinCONIUM^  HAPNitJM,  THOf^tUM 

ThC  at  high  temperature^  practically  limtileclble  at  room tetap^r^^ 
ture.  Forma  a eiitectle  with  graphite  (emplrfcallonnuUT&Ca^t 
m+p,  2500®C},  Decomposes  slowly  to  water*  rapidly  todihite 
evoiviiig  a mixture  of  hydrocarbons  (chiefly  ace^lene) 

ThC:  M+p*  26Z0®C*  Crystal  structure;  NaCl  type.  FormaiteifU 
of  empirical  formula  the  miscibility  gap  begins  at  a 

temperature  of  1980^C;  the  gap  widens  at  room  temperature  to 
-The  ^ * 

REFERENCES] 

M.  von  Stackelbei^*  Z,  phys*  Chem*  (B)  437  H.  A+ 

Wilhelm  and  P,  Chlottl*  Trans,  Amur*  Soc*  hfetato  42,  12S6 
(I960)*  “ 


Titoaiurrir  Zifconium  and  Thorium  5ilicide$ 
TlSi»,ZrSi^  ThSit 

I.  PRRPARATON  FROM  THE  ELEMENTS 


Ti(Zr,Th)  + 2Si  =-  TfSii(ZrSii,  ThSii) 
47.991.2  532.1  SBA  UMO  147.3  IISS-S 


The  sllicides  are  prepared  by  fusing  or  sintertog  totimate 
Btoichlometrlc  inlxtures  of  the  oleraeuts  (in  powder  form).  The 
reaction  is  carried  out  to  sintered  cl^  or  ceramic  cruclblBs, 
placed  to  a Tammann  furnace  under  a blanhet  of  Ar,  In  all  three 
cases  the  reaction  takes  place  at  a relatively  low  temperature  and 
is  highly  exothermic;  therefore,  one  should  work  with  gram 


titles  only, 

111  the  method  of  AlexaiyJer*  some  advantage  is  gained  ly  r^ 
placing  the  pure  metals  with  hydride  powders,  initial  heating 
place  in  vacuum^  which  at  400-500*C  is  replaced  by  an  atmoephera 
of  the  Ha  evolved  by  the  reaction  Itself.  This  gives  a sinter^ 
silicide  at  temperatures  as  low  as  90Q“C*  , ^ 

Brauer  and  Mitius  modified  a method  developed  by  HonagschinM 
prepare  ThSia  by  the  folio wtog  procedure.  Intimate  mixtures 
of  Al,  Th  and  Sllumto  (13%  SI,  67%  Al)  powders  are  comprefteeA 
into  tablets  10  mm,  long  and  5 mm,  thick,  placed  to 
crucibles  and  ftised  at  HOO*C  to  high  vacuum.  Slow  coolly 
llOO^C  to  eOO^C  In  four  hours)  produces  good  crystals  of  tto 
product  within  the  aluminum  Ingot.  These  are  freed  of  esroess  A1 
by  alternate  treatments  wltb  dilute 
hydroxide  {moderate  heating),  fol^d  by 
alcohol.  Since  moet  of  the  stUoIde  parttetee  form 
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IIS* 

Tftth  the  SI  and  S10i»  oontamlnants,  the  crystallites  are 
la  an  agate  mortar  and  separated  from  foreign  matter 
tiarttoularlr  SI&,  which  cannot  be  removed  by  chemical  means) 
^flotation  with  bromoform  (d  2.9).  The  bromoform  must  b« 
innMrri'-""^  renewed.  Evaporation  with  hydrofluoric  acid  is  not 
preetleal,  since  It  destroys  the  slllcide. 

Alternate  methods: 

11.  .^HiMINOniCRMTC  METHOD 

Ignition  of  a mixture  of,  for  example,  200  g.  of  AI  powder,  250  g. 
of  S,  ISO  g,  of  SIOb  and  15  g.  of  TlOa  {or  40  g-  of  KaTiFe  ),  covered 
with  a thin  layer  of  Mg,  yields  an  Ingot  containing,  in  addition  to  Si 
utd  Al,  small,  iron-gray  tetragonal  {yramlds  of  TiSI  g. 

tn.  EUECTBOLVTiC  PREPARATION 

The  pure,  cjystaUIne  silloldes  are  obtained  by  melt  electrolysis 
of  a mixture  of,  for  example,  10  KaSlFg  + TIO^  at  about  900  "C,  using 
an  iron  cathode;  alternately,  electrolysis  of  TiOg  dissolved  In  a 
melt  of  silicate  may  be  used. 

IV.  reaction  ok  the  metal  K'JTH  silicon  TETflACHLORiDE 

The  sUicidea  are  obtained  in  the  form  of  a coating  on.  the  reactor 
walls  when  the  metals  are  heated  to  IIDO-  150D'’C  in  a hydrogen 
stream  Saturated  with  SiCU. 


PROPESTIES; 

Crayish-u^tite  crystals  with  a metallic  luster  and  good  thermal 
and  electrical  conductivity,  d (TiSla)  4.02;  (ZrSla)  4.88;  fThSIg) 
7.63.  TiSla  and  ZrSia  are  insoluhle  in  mineral  acids  (except  hydro- 
fluoric acid);  ZrSia  is  also  insoluble  in  10%  KOH.  TiSlg  dissolves 
slowly  in  10%  KQK.  ThSI^  Is  unaffected  by  alkali,  but  dissolves  In 
dfttte  and  cone,  hydrogen  halides  (slowly  in  the  cold  and  rapidly 
w^n  teated).  Attacked  by  Cl  a at  temperatures  as  low  as  S00“C. 
TiHa  Is  Stable  at  red  heat  In  air,  while  ZrSla  and  ThSi  s buitt. 


nerXEENCES: 
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Vanadium,  tliohium.  Tantalum 
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Vanadium 

V 

The  preparation  of  high-purity  V metal  is  difficult  because  it 
tends  to  forni  vei^  etfl.ble  occluded  pha-ses  witliueij33ieta.is^  pajrtlcu— 
larly  with  O,  N andC,  These  elements  must  be  removed  in  advancfii 
because  their  elimination  from  the  metal  phase  at  a later  stage  Is 
difficult.  Hence  only  a few  of  the  many  proposed  methods  afford  a 
ductile  metal  or  V powder  of  a high  d^ree  of  purity. 

I.  V-Oi  -r  5Ca  --  2 V ' 5CjiO 

iai.9  mA  T01.9  2a0.4 

In  the  method  of  Marden  and  Idch,  175  g*  of  VgO^  is  mixed  with 
MO  g,  of  ground  Ca  and  300  g.  of  CaCis  (dehydrated  by  preheating 
at  450*C),  and  the  mixture  placed  in  a small  sealable  iron  bomb. 
The  addition  of  CaCl^  as  Huxing  agent  Is  essential.  A small  piece 
of  Na  or  K is  also  added  (to  act  later  as  a scavenger  for  residual 
Os  and  HaO),  or  the  bomb  is  evacuated  and  then  filled  with  Ar*  The 
bomb  is  tightly  sealed  either  by  screwing  down  the  lid  or  by  welding, 
heated  one  hour  at  900-950^C*  cooled  to  room  femperaiw™ and  then 
reopened.  The  product  is  chipped  out  with  a chisel,  and  the  chunks 
are  added*  slowly  and  with  agitation,  to  about  20  liters  of  cold  water 
(avoid  local  overheating).  The  product  disintegrates  and  is  allowed 
to  settle  fot  about  2 mtu*  The  supernatant  is  decanted;  the  solid  is 
washed  (by  decantation)  several  times  with  tigC),  then  several  times 
with  approximately  2 N HCh  The  product  is  ductile,  granular  V 
metal. 

According  to  McKechnie  and  Seyboit^  the  reaction  between 
and  Ca  Is  coupled  to  advantage  with  the  strongly  exothermic 
radctloQ  Ca  + = Cal^,  In  this  case*  Cala  has  the  desirable  effect 

of  reducing  tbe  melting  point  of  the  mixture,  thus  replacing  the 
Cad  2 need  in  the  previous  methods 

Pot  ft  mbcturo  of  300  g.  of  specially  purified  V^s  l^ee 

Klaw)^  5^  g.  of  metallic  Ca  about  60%  excess)  and  ISO  g-  oi 
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Is  la  placed  in  a sintered magnesU. crucible, which  is  tn  tum  placed 
L bomb;  the  bomb  is  then  hermettcally  sealed. 

With  the  above  <{uaiititles,  the  eteel  bomb  should  have  & diameter 
of  100  mm.,  ft  height  of  380  nun,  and  a 10-mm.-thlck  wall;  the  Ud 
should  be  a steel  plate  held  between  bolted'-downffanses.  The  mag— 
nesift  crucible  can  be  closed  with  e cover  <jf  the  same  materlaH 
(the  cover  Is  formed  by  pressure-shaping  granular  magnesia  with 
a steel  cover).  The  bomb  Is  evacuated,  filled  with  Ar,  closed  and 
heated  to  about  425®C  to  start  the  reaction.  Immediately  after  ignt- 
tion,  spontaneous  heating  to  a much  higher  temperature  takes 
place,  accompanied  by  an  unusual  noise.  Granular  and  powdered 
V is  isolated  from  the  reaction  product  in  74%  yield. 

The  V^Os,  which  la  normally  prepared  from  NH*VOs,  must  be 
freed  before  use  of  small  amounts  of  N and  H still  to  it. 

One  method  of  accomplishing  this  la  heating  the  oxide  for  18  hours 
in  a stream  of  moist  Og  at  400*C. 

E.  The  follcfwing  reduction  affords  V as  a fine  powder! 

veil  + 17,  H,  = V + 3HCi 
157.3  33  a?-  Sl.0  109.4 


A stream  of  Hg,  thoroughly  freed  of  traces  of  O^,  Ng  or  HgO 
(see  p.  112  ff„  Na  removal  as  for  Ar,  p.  82  ff,>,  is  passed  over  ft 
platinum  boat  located  in  a Pt  tube  and  containing  about  7 g.  of 
VCI3.  The  Pt  tube  forms  an  insert  for  a porcelain  tube  and  protects 
the  latter  from  attack  by  the  subliming  VCla  and  by  the  V formed 
from  such  a sublimate;  it  also  ensures  the  proteotlon  of  the  boat 
contents  from  oontaminatlon  by  Si  compounds  from  the  porcelain 
tube.  The  V formed  during  the  reactionis further  protected  against 
contamination  by  placing  a porcelain  boat  containing  powdered  V 
ahead  of  the  Pt  boat.  This  protective  vanadium  (which  may  be  less 
pure)  serves  to  remove  the  last  traces  of  Ng  and  Og  from  the  gas 
stroam.  The  reactor  tube  is  connected  to  a large,  empfy  U t^e 
which  allows  observation  of  the  eJtit  gaa  and  is,  in  turn,  comxected 


to  a KOH-fllled  trap. 

The  porcelain  tube  is  slowly  heated  to,  and  then  held  at,  a tem- 
perature of  900®C  untU  HCl  evolution  (which  follows  the  initial  for^ 
matlon  of  a small  tjuantlty  of  brown  fumes)  is  con^lote.  After 
cooling  to  room  temperature  (and  not  before),  the  product  Is  re- 
moved from  the  reactor  in  a stream  of  Hg.  At  this  point,  It  oomiste 
of  vanadium  hydride  (approximate  composition  VHjj7),  which  Is 
converted  to  pure  V by  heating  in  high  vacuum,  K should  be  borne 
in  mind  that  finely  subdivided  vanadium  and  vanadium  hydride  are 
sensitive  to  atmospheric  Og  even  at  room  temperatoe. 

The  Pt  sheet  abaorbs  some  V durb^g  the  reaction  and  terns 
darker,  brltUe  and  fragile.  The  vanadium  oan  be  removedfrom 
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pt  in  form  of  by  heatii^  to  rod  beat  in  air  or,  via  a 

non  dwstlo  method*  by  treatment  with  a molten  mixture  of  i part 
ol  KiWa  and  15  parts  of  NaKCOg.  The  Pt  is  thus  completely  re- 
(werated,  it  should  be  possible  to  replace  the  porcelain  tube*  with 
ikD  loss  of  efficiency,  by  an  alumina  tube^ 

Att€tnai€  methods:  a)  Very  pure  V can  be  obtained  by  deposition 
from  the  gas  phase  in  the  apparatus  shown  in  Fig.  291,  p.  1168.  in 
this  case  tho  apparatus  Is  made  of  fused  Quartz  and  is  heated,  to 
9M-lOOO^C  during  the  reaction.  A suitable  crude  metal  starting 
product  Is  obtained,  for  example,  by  reacting  a mixture  of  VCl^  and 
N*  in  a heated  iron  bomb.  Since  the  transport  to  the  incandescent 
wire  is  accomplished  via  Via*  whose  volatility  Is  relatively  low, 
tJuis  process  is  not  as  advantageous  in  the  case  of  V as  with  metals 
of  Group  IV  [A,  E.  van  Arkel,  Metailwlrtach.  13,405  (1934); 
J,  W.  Nashp  H,  ft  Ogden,  R.  E.  Durtschi  and  1.  E,  Campbell, 
J.  Electrochem.  SoC.  IW,  272  (1953);  H.  W.  Bathmann  and  H.  R. 
Grady,  Vancoram  Bev-  10,  6,  17  (1955)J. 

b)  With  Ar  as  the  carrier  phase,  the  reduction  of  VCl  4 with  Hg 
(affording  pure  V powderj  can  be  accomplished  at  620* C fG.  Jantsch 
and  F*  Zenek,  Monatsh.  Chem.  64t  1119  (1953}]. 

c)  According  to  another  proposed  method,  a stream  of  dry, 
high-ptirity  saturated  with  VCl  vapor  is  passed  over  Mg  turnings 
(in  a MgO  boat)  and  gradually  heated  to  700*C  over  a period  of  2,5 
hours.  After  cooling,  the  product  mixture  of  V,  VCl  a and  VCl  3 is 
ttkoroughly  extracted  with  HgO  to  dissolve  out  any  chlorides  present. 
The  residue  of  V powder  (99,3%  V)  is  then  vacuum-dried, 

d)  A mixture  of  2 parts  of  VClg  and  1 part  of  Mg  is  pressed  Into 
pellets  and  these  are  heated  for  1-2,5  hours  at  700*C  In  a MgO 
boat  inserted  in  a quartz  tube  (Ha  or  Ar  atmosphere)..  The  product 

contains  up  to  99.5%  V [A,  Morette*  Comptes  Eendus  Hebd. 
Seances  Acad.  Sci,  200,  lllG  (1935)}- 

SoUd  V metal  is  comminuted  and  reduced  to  a tine  powder  via 
the  vanadium  hydride  stage.  Thus,  vanadium  is  heated  to  about 
500^C  in  a stream  of  high-purily  Hg  and  la  then  cooled  in  the  same 
gas.  The  hydride  is  very  brittle  and  can  be  readily  comminuted  by 
pm^iug  or  grinding  in  a volatile  organic  liquid  such  as  benzene* 
which  protects  it  against  local  heating  and  oxidation*  The  com- 
mmuted  material  is  than  dehydrogenated  to  pure  V metal  by  heating 
in  vacuum  (W,  I>,  SchneU,  Thesis,  Unlv.  of  Freiburg  i.  Br., 


high-grade  V can  be  further  increased  (to  about 
» ^ loi^  heating  (e,g-,  for  20  hours)  in  a high  vacuum 

^ Schnell,  ThesUr  Univ,  of  Freiburg  i* 

M.,  lVw)« 

-■■  ooncarnlag  meiting  V metal  In  cruelblaa 

materials,  see  T,  W.  Merrll,  Vancoram  Bev.  U, 

Iv 
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PnOPEHTlES: 

L^ht-gray  metal,  ductUe  wban  pu», 
^ in  hydrochloric  and  ewlftirlc 

solatole  in  nitric  and  hydrofluoric  acids.  High  affiniW  for  O,  N.  C 
jmd  H,  surface  reactlonwithatmosphertcOa^arts  already  at  20*C; 

this  can  lead,  particularly  in  the  case  of  a fine  powder,  to  consider- 
able contamination.  Crystal  struoture;  type  Aa. 
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J,  Electrocham.  Soc.  98.  395  {1951};  A.  P.  Beard  and  I>.  D. 
Crooks,  J.  Electrochem.  Soc.  101,  597  (1954);  R.  K.  McKechnie 
and  A.  U,  Seybolt.  J,  Electrochem.  Soc.  97,  311  {1950);  J.  R. 
Long.  Iowa  State  CoU.  J,  Sel,  27,  213  {19S3), 

H,  Th.  Coring  and  J.  Geiler,  Z.  anorg.  allg.  Chem,  221,  56  (1934). 


Vanadium  ftl)  Chioride 

vci, 


I.  veil  + '/tH,  = VCI,  + HCl 

157.S  11.S!  1EI.9  aas 


The  reactor  is  a Pyrex,  Vycor  or  fused  quartz  tube,  and  the 
VCI 3 Is  placed  either  dire^y  in  the  tube  or  ts  a porcelain  boat 
(the  tranter  to  the  reactor  requires  great  care,  because  VCla  Is 
very  hygroscopic).  A stream  of  diy,  completely  deoxygenated  hydro- 
gen is  then  passed  through  the  tube  (the  end  of  the  tube  Is  pro- 
tected against  moisture  by  a CaCia  tube),  and  the  system  is  heated 
to  about  400*C,  While  HCl  is  evolved,  thetemperatare  is  gradually 
increased  to  675*C.  Care  should  be  taken  not  to  exceed  700*C 
(according  to  Klemm  and  Hosebek,  not  even  6D0*C),  otherwise  re- 
duction to  V metal  will  occur,  The  reaction  time  depends  on  the 
quantity  of  material  used;  it  is  about  1 hour  for  9,5  g„  and  about 
40  hours  for  30  g.  At  the  end  of  the  reaction,  the  Ha  stream  Is 
3^eplaced  by  a stream  of  PaOg-dried  Na  or  CO^,  and  the  VCI*  pro^ 
duced  is  discharged  from  the  reactor  under  anhydrous  oondlttoas. 
A high  yield  {~  90%)  Is  obtained. 

U,  2 VO,  = VCI,  + VCh 

3H.6  131.S  ISSS 


Rapid  disproportionation  of  VCla  according  tot^  a^ve  eqjM^ 
can  be  aehlev^at  800*C  fn  a stream  of  high-parity  N*.  The  VOL 


tam 


a,  QRAUEH 


I&  oftTrted  mrty  ty  the  N,  stream  (4  bubbles/aec.),  while  the  VCi, 
to  the  reactor  tube.  The  temperature  should  not  exceed 
SttrC.  to  avoid  loss  of  VCla  by  sublimation.  The  reaction  is  fairly 
for  exiunple»  the  reaction  of  20  g.  of  VCI3  taltes  2 hours. 


MtOPEEtTIES; 

Uirfat-green  leaflets,  m.p.  about  1350*C;  d.  3.00,  Less  hygro- 
aoopic  than  VCl^  and  VCIaJ  insoluble  in  alcohol  or  ether.  Crystal 
structure:  Cdlgtype. 

REFEREMCES; 

I.  F.  FphrniTrt  and  E.  Ammann.  Helv.  Chim.  Acta  16,  1273  (1933); 
W,  Klemm  and  E.  Hoachek.  Z.  anorg.  allg.  Chem.  2^,  359 
(1936);  R.  C.  Young  and  M-  E.  Smith  in:  J.  C.  Bailar,  Ihorg, 
Syntheses,  Vol,  IV,  New  York-Londott- Toronto,  1953,  p.  126; 
H.  Funk  and  W.  Weiss.  Z,  anoig,  allg.  Chem.  2^,  327  (1958). 
H.  O.  ftiigg  and  H.  Lickfett.  Ber.  dtsch.  chem.  Ges.  506  (1911); 
P.  Ehrlich  and  K.  J.  Seifert.  Z.  anorg.  allg.  Chem.  301,282 
(1959). 


Vanadium  pit)  Chloride 
VCit,  VCl,'6HjO 

VCL 

I.  V,Oi  + asocu  = 2%'Cl,  + 3 SO; 

asfls  an.6  1S2.2 

Vanadium  trioxide  powder  (2,1  g.)  and  8,5  ml.  of  pure  SOCl® 
are  placed  in  a bomb  tube  about  1.5  cm,  in  diameter,  and  the  sealed 
tube  Is  heated  for  24  hours  at  200*C.  The  tube  Is  cooled  to  below 
0*C  (in  Older  to  lower  the  So^  vapor  pressure)  and  le  then  opened 
to  allow  SOa  to  escape.  Then  the  tube  conteEits  are  flushed  out, 
under  anlqrdrouB  conditions,  into  a small  flask,  using  some  SOCls 
for  this  purpose  (the  SOClg  lathenremovedby  vacuum  distillation}. 
The  VCla  residue  is  washed  several  times  with  very  pure  CSg  to 
remove  traces  of  SgCla,  and  then  thoroughly  vacuum-dried  at  60*C. 
Ftm  crystals  nf  dark-violet  VCl^  are  obtained  in  nearly  quantitative 


n. 


^v,0^  + eStCU  = 4VC1,  + 5SO-  7S 
a 8io.a  eas.8 


320.3 


224A 


VgOs powder  (10  g,)  and 40  ml^olSsCla  are  refluxed 
^Mifoxom  conditions  for  8 hours  (coofitaat  BtirrlDg]a  The 


1257 
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^cess  SsCla,  conUitUng  dlSBolved  S,  Is  decanted  tmd  tbe  Vdrt 

heating  the  material  at  120-lsp®C  under  vacuum  or  hy  mtH-aMiB* 

CSginaSoxhlet  apparatus.  After  thcn^^ 
purmcatlen,  the  residual  sulfur  oontcatefthe  resulting  fine  er^t^ 
of  VCl^  IS  about  0*2%,  The  yield  is  about  30  g, 

w«  hygroscopic)  eiystals  of  VCl,  are 

obtained  by  the  fine  crystalline  product  with  a small  aTOTint 

of  fresh  SgCla  m a sealed  tube  at  240*C,  Since  no  gas  Is  eTOl-TOd 
in  this  operation,  large  amounts  can  be  treated  at  one  time, 

reaction  can  also  be  carried  out  in  a sealed  tube  at 
300  Cl  however,  smaller  quantities  must  be  used  In  this  case  (6-7  c 
of  V3O5  and  20  ml.  of  SaCla).  * 


III, 


VCl,  = VCl,  + V-Cl, 
193-8  157.3  55,5 


A flask  containing  VCl  * is  connected  to  a reflux  coiidenser  via 
a ground  joint  and  kept  at  160-170“C  for  2 days  while  passing  a 
thoroughly  dried  and  deoxj^enated  stream  of  COaorHsthrmi^the 
aystera  (to  remove  the  Cl  a formed  in  the  thermal  dissociation).  The 
flask  is  then  arranged  for  distillation;  unreacted  VCl*  and  the 
traces  of  the  VOCla  formed  are  distilled  off  at  200* C in  a Kg 
stream,  Beduction  does  not  take  place  under  these  conditions,  Tbe 
hy-producta  can  also  be  removed  by  vacuum  distillation.  AU  opera- 
tions are  carried  out  under  anhydrous  conditions. 

Alternate  methods:  IV.  Beaction  of  VCl*  with  S,  removal  of  the 
SaCla  by  distillation,  then  heating  of  the  produtst  at  a temperature 
somewhat  below  300“C  in  a stream  of  COa* 


V,  H V metal  Is  available  as  a very  fine  powder,  it  can  be 
reacted  with  excess  ICI,  according  to  the  equation: 

sv  + eici  = 31,  + fiVd, 

101.9  974.2  761.S  3H.6  ' " 

The  mixture  is  heated  under  anhydrous  conditions  in  a glass  fiask 
equipped  with  a reflux  condenser.  The  flask  is  careflilly  heated 
with  a direct  flaTn**  until  the  initially  vigorous  reaction,  whidb 
affords  iodine  vai«r,  subsides  asid  vapors  of  the  boiling  ICI  beooMi^^ 
visible.  After  cooli^,  the  mixture  is  extracted  wlthCCl*(dlstIUe* 
from  PaOg),  filtered  in  a Ng  stream  through  a sintered  glass 
washed  with  CCi*  and  dried  In  a vacuum  desiccator.  The  product 
is  very  pure  provided  all  of  the  vanadium  has  reacted. 


PSOPEirriES: 

Formula  weight  157,3.  Violet, 

soopio.  Soluble  in  acidified  vrater.  In  the  abaenoe  of  air.  Ctebe 


tisa 

from  solutions  as  Vda  " 6HaO-  Soluble  In  alcoholi  Jnsolublo 
lft«tl^«UieT.  4 3,0.  Crystal  structure:  DOs  (FeClj)  type. 


RiriERKNCKS; 

1,  B.  fiecbt.  G.  Jauder  and  H.  Schlapmann.  Z,  anorg.  Chenii  254. 
2&S  (1947)>  experiments  carried  out  at  the  tJnlversity  Labora- 
tory, FrelbUKC  i.  Br„  195  X. 

n H Funk  and  C.  MiiUer.  Z.  anoig.  allg.  Chera.  2^,  94  (2940); 
experiments  carried  out  at  the  University  Laboratory,  Freiburg 
i.  Br,,  1951;  H.  Hartmann  and  H.  L.  Sohlafer.  Z.  Naturforsch, 
to,  7S4  11951);  H,  Funk  and  W,  Weiss,  Z.  ano!^,  allg,  Chem. 
295.  327(1958). 

m,  J.  Meyer  and  R.  Backs.  Z.  anoig.  allg.  Chem.  177  (1924); 
F,  and  E.  Ammann,  Helv.  CMm,  Acta  16,  1273  (1933); 

IL  C.  Young  a»d  M.  E,  Smith  in:  J,  C,  Bsilar,  Inoig.  Syntheses, 
VoL  IV,  New  York-Toronto- London.  1953,  p,  128. 

IV.  O.  Ruff  and  H.  liokfett.  Ber.  dtsch,  chem.  Ges.  44,  506  (1911); 
F.  Ephraim  and  E.  Ammann,  Helv,  Ghim.  Acta^,  1273  (1933), 

V.  V,  Gutmann.  Monatsh.  Chem.  81,  1155  (1950). 


VCt,'6H:0 


The  hexahydrate  can  be  obtained  from  aqueous,  acidic  VClg 
solution  by  cooling  and  saturating  with  HCl.  The  starting  solution 
is  obtained  by  electrolytic  reduction  of  a solution  of  VgO^  in  hydro- 
chloric acid  or,  mote  conveniently,  by  disaolvltiig  VgOa  in  hydro- 
chloric acid.  ' 


V,Oi  + 2H,  = V,Oi  + 2H»0 
1S1.«  t.  149.9 

V,0,  + 6HC1  + 9HjO  = aVCU‘6HjO 

l«,e  134.4 1 162.1  26S.4 

For  example,  7.5  g.  of  V3O3  (obtained by  reduction  of  VflOp  with 

as  deacrib^  on  p.  1267)  la  dissolved  in  200  ml.  of  cone.  HCl  by 
allowing  the  mixture  to  boil  several  hours.  This  solution  is  concen- 
trated to  50  ml.,  cooled  to  -lO  to  — 20*C,  and  saturated  with  HCl 
E*®"  precipitate  of  green  VCij  ■ 6 is  suctlon-filtered  on 
glass  frit,  dissolved  la  someHaO,  and  reprecipitated  with  HCl  while 
oooUng  (see  also  the  preparation  of  TICI3 . 6 H^,  p.  1193  f.), 

PBOPEItTlES: 

F<mnula  wel^t  265,4.  Green,  hygroscopic  crystals. 

MXnaencEA'. 

M.BrU«l.Z.aiiorg.Chem.^,  394  (1899);  P.  Ehrlloh 
WB.  4.  Beifert.  Z,  anoi^.  allg.  Chem.  301,  282  (1959). 
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Voncdiufn  (IV)  Chloride 
VO, 

vci,  + v.ci,  = va 

is7,a  jj,a  I.  184,8 

In  the  meOiod  of  Funk  and  Weiss  VCl^.n^ich  is  leadlly  oMtdoed 
frdm  VjPt  SaClg  (see  p,  1256),  is  loosely  packed  in  a aUghtly 
inclined  reactor  tube  made  of  hlgh'^meitiiig  g^laes.  The  tube  is  coib^ 
neoted  by  a ground  Joint  to  a recetvert  which  is  protected  against 
moistuTe.  A glass- wool  wad  is  placed  at  the  end  of  the  reactor  tube 
to  prevent  solid  VCl^  particles  &om  reaching  the  receiver*  Dry 
Cl  a is  passed  through  the  apparatus  to  dlspiace  the  alp[  the  VCl^ 
Is  then  heated,  startii^  from  the  end  closest  to  the  receiver.  The 
reaction  rate  can  be  controlled  by  regulating  the  Clg  flow*  The 
crude  VCl  * is  collected  in  the  receiver,  which  is  kept  at  0*C;  it  la 
then  distilled  f3fom  this  receiver  In  a slow  stream  of  Clg  lanl^drouB 
conditicns)^  discarding  the  forerun.  Approximately  35  g*  of  pure 
VCl  4 is  obtained  from  30  g,  of  VCl  3. 

II-  A process  similar  to  that  described  in  method  I may  he  used  to 
prepare  VCl  4 from  ferrovanadium  and  A veiy  long  reactor 
tube  is  used,  and  the  reaction  rate  Is  regulated  so  as  to  allow  most 
of  the  by-product  FeCls  to  settle  out.  The  VCl*  must  be  redistilled 
from  the  receiver. 

Alternate  method:  Disproportlonfitlon  of  VCls  to  VCla  and  VCl* 
by  heating  in  a Na  stream  at  900^C  In  a porcelain  tube  [O*  Ruff  and 
H*  Lickfett,  Ber-  dtsoh,  chem-  Qes,  U,  606  (1911)]. 


PHOtE  STIES; 


Dark  red“ brown  liquid*  M*p*  — 109^C,  b.p*  148*5 “C;  d 1*57* 
Fumes  in  air,  and  even  at  normal  temperature  shows  a marked 
Cl  a vapor  pressure  (decomposition).  Sealed  ampoules  oontalnlhg 
VCl*  should  be  stored  hi  the  dark  (occaalonalip  they  diattor  be- 
cause of  high  internal  pressure).  Decomposed  by  water.  Soluble  in 
cono-  hydrochloric  acid,  ethanol  and  ethyl  ether. 


hefebences; 

I.  H,  Funk  and  W.  Weias.  Z.  anojfg.  ailg.  Cbem,  295/^ 

a.  Mertea,  3.  Amer.  Chem.  Son.  86,  sn  <1918);  Pi 

Ephraim  and  E,  Ammanm  Helv-  Chlm-  Aota  ^ 

J?H.  SJmonfl  and  M-  O.  Powell.  3,  Am«r.-Cli«iB..  Soe. 

75(1946), 


O.  BRAUER 


VonodiuRi  (II)  Bromide 
VBr, 


VBrj  + V»Ki  = VBr,  + HBr 
*B0.7  210-8  SO-9 

The  stortiTig  nuterlBl  is  VBra,  which  is  best  left  in  the  tube  nsed 
far  Its  prep&T&tion  (see  below).  In  this  casSt  the  reactor  tnbe  Is 
coDslderabty  longer  than  that  used  merely  to  prepare  YBr^. 

2ones  contaidng  VBr 3 are  heated^  one  after  another ^ to 
dark'^red  heat  while  a H,  stream  Is  passed  through.  The  heating 
is  best  aocomplisbed  in  a tubular  electric  hirnace,  In  wdiicb  heating 
is  more  uniform  than  with  open  flames;  with  such  a furnace,  pro- 
nounced local  overheating  and  reaction  rate  differentials  are  pre- 
vented and  the  total  reduction  time  is  short.  The  reduction  of  2 g, 
of  VBra  takes  1-1.5  hours. 

PIlOnEIlTIES: 

Light-brown  to  reddish;  light  pink- red  when  heated.  Feltlike  to 
flaky  crystal  aggregates.  More  hygroscopic  than  VGla,  but  not  as 
sensitive  as  VBrs,  Gives  a violet  solution  with  H3O;  this  soon  turns 
brovm,  evolving  d4.58.  Crystal  structure:  C6  (Cdlg)  type. 

HEFERE7CCES: 

F.  Ephraim  and  E.  Ammann.  Helv.  Chlm.  Acta  1273  (1932); 
W,  Klemm  and  E.  Boschek.  2.  anorg.  alig.  Chezn.  226,  359 
(1936).  "" 


Vctnadium  {III]  Bromide 
VBr, 

V{4'Fe)  + VtBr*  {-»*ViBrj)  = VBtj  (+ F^Bt,) 

51.0  55.a  239.7  ^^W.7  29S.0 

A I^-melting  gl&as  tube,  10-12  mm,  I,D.  and  80  cm.  long,  1^ 
ctaAtged  with  5 g,  of  very  finely  powd$redblgh-grad6  ferrovanadium 
(noboflt  used).  A atteam  of  thoroughly  dried  CO  3 is  passed 
^ Murid-bottom  flask  in  which  absolutely  djy 

totrodUG^  ircm  a dropping  funnelp  is  vapori^sed  by  Blight 
The  CO|andBT5vapors  then  pass  through  the  reactor  tube* 
of  the  reactor  carries  {preferahly  sealed  on)  con- 
far  ^subsequent  collection  of  VEr^  (e.g., tubes  which  can 
melt' sealed)^  protected  from  the  atmosphere  by  a Pa^e 
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tube.  and  ^iBture  muet  be  rlgorouBly  exoluded.  Alter  **««"- 
toe  reai3tor  wlto  CO,  + Br^.  the  Pe-V  la  heated  to  red  heat.  The 

amount  of  VOBr*.  which  is  quickly  and 
readily  displaced  ^ heating  the  entire  tube  length  to  ptereiit  the 
deposition  of  v^adtum  oxide  (the  latter  cannot  be  removed).  The 
Gooveraion  to  VBra  and  FeBra  is  then  carried  out  over  a period  of 
about  4 hours.  Moat  of  the  FeBra  remains  at  the  exit  end  of  the 
tube,  while  the  Brg  aubltmea  out.  It  is  freed  of  PeBra  bv  repeated 
sublimation.  Bather  low  sublimation  temperatures  and  long  BubUma- 
tlon  tubes  are  required  In  this  procedure.  FinaUy  the  system  is 
flushed  with  pure,  Bra->free  CO,. 


PROPSaTIES; 

Black  with  greenish  reflections,  crystalline;  the  rapor  Is  violet. 
Extremely  hygroscopic,  d 4,52. 


RErraENCEis; 

J.  Meyer  and  B,  Backa.  2,  anoig.  aUg.  Chem.  177  (1924); 
F.  Ephraim  and  E.  Amman.  Helv.  Chim.  Acta  le.  1273  (1988); 
W.  tGemm  and  E.  Hoschek.  Z,  anorg,  allg.  Chem.  859 
(1936), 


VoAodium  01)  Iodide 
VI, 

This  compound  is  prepared  by  synthesis  from  the  elements. 

V + I,  = VI, 

51.0  255.8  $04.8 

I.  In  the  method  of  Morette,  VI a is  first  prepared  from  V and  la 
(see  the  following  preparation)  and  then  decomposed  by  beating  at 
400‘’C  in  btgb  vacuum  while  removing  the  I9  split  off.  The  decom- 
position is  virtually  complete  In  24  hours. 

H.  In  the  method  of  Klemm  andCrimm,  a stolcbiometrlc  mlntura  of 
V turnings  and  I3  is  sealed  under  vacuum  into  a short  quarts 
with  occasional  coolli®  to  jwtiuoe  the  vapor  presaute*  Tho  entire 

tube  is  then  uniformly  heated  at  160-170*0, 


PROPERTIES; 

Dark-Violet,  hexagonal  leaflets. 
slowly  forma  a violet  solution.  Ihsolable  in 
bonzes,  CCU,CSa.  ParOy  exldlsed  In  air.  turnlMg  brown, 
Ciystal  structure:  C6  (Cdls)  typ®- 


e.  BRAUER 


KftrtKSHCGS; 

A Slorette,  Connotes  Rendus  Hebd.  Seances  Aoad,  Sol.  ZOJ,  1218 
(193S)l  W.  KleoiiEft  and  L.  GrlmJn,  Z.  anorg.  allg.  Cbem,  249. 
IS8  (1942). 


V«nad1vm  ^tl)  todide 
VI, 

Formed  when  metallic  V and  Is  are  heated  at  300"C  under  the 
Vapor  pressure  generated  by  the  latter . 

V + Vth  ^ VI, 

31.0  3B0.7  431.7 

Vanadium  metal  (turnings  or  powder)  and  eacess  Ig  are  placed 
tn  a bard  glass  or  fused  qjuartz  tube,  closed  at  one  end;  the  tube 
contents  are  cooled  to  --SO'C;  the  tube  Is  thoroughly  evacuated  and 
then  melt-sealed  to  a short  total  length.  A vigorous  reaction  sets 
in  on  heathy.  The  entire  tube  is  heated  for  a while  at  temperatures 
up  to  300°G  in  order  to  achieve  product  uniformity.  The  excess  tg 
is  then  allowed  to  distill  off  into  a somewhat  cooler  xone,  and  the 
tube  is  quickly  cooled  and  opened. 

PAOFEaTIES: 

Brown-black,  crystalline  powder.  Very  hygroscopic.  Readily 
Soluble  in  water  giving  a brown  solution  which  turns  gradually  g^een 
in  air.  Also  soluble  in  absolute  ethanol:  Insoluble  in  benzene, 
CCI4,  CSa.  d 4.2, 

aepeiiEHCE; 

A.  Morette,  Comptes  Rendus  Hebd.  Seances  Acad.  Sci.  207, 1218 
(1938).  


Vanodium  OKyehleHd* 


voci 

V,0,  4*  VC],  - 3 VOCI 

145.9  15JJJ  307,2 


^ about  180  nun,  long  and  15  mm.  la  dlaiaeter,  is 

'VWIi  1 g.  of  VjOa  and  2 g.  of  VC  I3  under  anhydrous 
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condmcm.  The  tul»  is  thoroughly  evacuated,  melt-aealed  atf 

^ ^ furnace  providing  a temperature  gredteui 
such  that  the  raw  material  Is  kept  at  720-C  amt^  eu^  half  o« 

T iSSl  After  1 PteparaSS TUxS 

p,  1209).  ^ter  1-3  day  a,  VOCl  forms  as  a crystalline  deposit 
in  the  center  of  the  tube  and  a dense  mass  on  the  720“C  sldf»: 

vcu  and  VOCia  are 


In  addition,  small  amounts 


a 

of  VCla,  VCla,  , __  „„ 

also  present.  The  tube  is  opened  la  dry  and  the'vci,  and  VOOlI 
are  vapornEsd  in  vacuum.  The  tube  contents  are  then  saumed  in 
dlmethylformamide,  and  the  VCig  and  VCls  are  removed  from  the 
VOCi  by  repeated  slurryh^  and  decantation  with  tMa  solvent.  The 
VOCl,  obtained  as  the  residue,  is  washed  with  ethanol  and  ethyl 
ether  and  vacuum-dried. 

methods:  Vanadium  oo^rchlorlde  can  also  be  obtained 

a)  by  heating  VClg  and  CO*  [O.  Jtuff  and  H.  Liokfett,  Ber.  dtsch, 
chem,  Ges,  44,  596  (1911);  E.  WedeJdnd  and  C.  Horst,  Ber.  dtsch. 
chem,  Ges.  262  (1912)1; 

b)  by  heating  VClg  in  an  O a- containing  stream; 

c)  by  heating  VOClj  in  a pure  N*  stream  [P.  Ehrlich  and  H.  J. 
Seifert,  Z,  anorg  aUg.  Chem.  262  (1959)]. 


PROPS  arXES: 

Formula  weight  192.41.  Brown  crystals,  the  particle  size 
depending  on  method  of  prepaxatlon.  Becomposes  at  about  600**d 
into  VCI3  and  the  oxide;  not  attacked  by  hydrocMortc  acid  or 
alkalies;  dissolves  In  warm  cone,  HNO^  and  cone,  H^O^,  d 3.^^ 
Rhombic  crystals,  Iso^ploal  with  FeOCl. 


HEpnsSKCRS; 


H.  Schafer  and  F,  Wartenpfuhl.  J-  Less- Common  Metals  L 29 
(1961);  P,  Ehrlich  and  H.  J.  Seifert,  Z.  aaorg,  allg.  Cheou 
301.  282  (19S9). 

Vansdioin  Oxydichloride 


VOCl. 


V.O. 

isi.g 


+ 3 VCU 

4T2h 


VOCl. 

1T3J 


6 VOCl, 
ez7^ 


A thoroughly  gionnd  mixture  of  8.6  g,  of  dry  VgPs  ^ 

VCla  is  plaSd  at  the  closed  end  of  a l-m.-longt^, 

VOCla  is  then  added.  The  upper  part  Of  the  tube  must  ^ 
traces  of  these  substances. 

end  is  covered  along  Its  entire  length  witha  eheetv^oat^  , 


■■  i"*; 


1IM 


G,  anAUER 


|Mi«r  thixd.  la  E slightly  Inclined  position,  is  then  heated  to  about 
M0*C  with  a tubnlar  electric  furnace.  The  sheet-jnetal  Jacket 
PTBTWtft  a temperature  gradient  aloi*  which  the  product  VOCl, 
wit  of  the  hot  reaction  zone.  This  procedure  requires  at 
least  4-6  dws*  However,  the  yield  can  be  Increased  by  longer  heat- 
tw  time.  Green  needlellke  crystals  of  VOClg  are  deposited  in  the 
part  of  the  tube.  The  tube  Js  opened  at  a suitable  spot;  the 
nrcMiuct  is  suspended  in  petroleum  ether,  ethyl  ether  or  CCI4  to  dis- 
solve some  adhering  VOCls,  and  then  suction-filtered  on  a coarse 
frttted-giass  filter.  The  relatively  coarse  filter  separates  the 
VOCU  crystals  from  traces  of  finely  divided  hydrolysis  products. 
The  VOCls  Is  freed  of  adhering  solvent  and  stored  under  anhydrous 
conditions. 

Att^mate  mefftod:  The  older  method  of  reduclt^  VOCI3  with 
Zn  powder  in  a sealed  tube  is  less  efficient  (Gmelin- Kraut,  Handb. 
d,  anorg,  Chcm.  iHandbook  of  inorg.  Chera.1,  7th  Ed„  Heidelberg, 
1900,  Vol.  Hl/2,  p.  150). 


STNOHYM; 

Vanadyl  dlchlorlde. 

FiH>P£  STIES: 

Pormula  weight  137,86.  Shiny  green  crystals;  hygroscopic, 
d 2.88,  Solutions  of  VOCl^  in  aqueous  hydrochloric  acid  are  ob- 
tained by  adding  VCU  to  BgO  or  by  heating  VaO^  with  excess  cone. 
HCl  and  evaporatUg  most  of  the  excess  HCl.  The  evolution  of  Clg 
brought  about  In  this  manner  can  be  greatly  facilitated  by  addition 
of  weak  reducing  agents  such  as  ethanol  or  H^. 

REFERENCE; 

H.  Funk  and  W.  Weiss.  Z.  anorg.  allg.  Chem,  327  {19SB). 


Vanodiom  Oxytrichlortde 
VOClj 

v,Oi  + asocir  = 2voa*  + 3 so. 

iet.9  356.0  348.6 

■ A flask  connected  to  a reflux  coitdenser  via  a ground  Joint  Is 
qifljgaa  wnb  20  g.  of  VaOg  and  24  nd.,  of  SOCI3  (equivalent  quantl- 
hea^  for  6-8  hours  on  a water  bath  under  rigorously 
eopgltlcmB.  After  rearranging  the  apparatus  for  forward 
?f2****T^*  reaction  product  Is  distiileddirectlyfrointhe  flasfc 
■Mwm  msibod  yieide  pure  VOCla  provided  no  excess  of  SOCU  is 
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I20S 


V,Q,  4-  3 Cl,  = 2VOC1,  + V,0, 
MB-S  67.3 1.  1M6.6 


Pellets,  o^^ed  by  comj>reaBlng  a mixture  of  VgOs  end  eottl 
powder,  are  heated  at  BOO-600’C  ia  a Cl,  Btrewn.  Ttof^d-hrowii 
reaction  pr^uot,  containing  VOCl,  as  well aaooneiderable amounts 
of  VCI4  and  Cl  „ Is  repeatedly  redistilled  over  Ka  metal  unttt  It 
is  yellow.  The  product  should  not  be  distilled  to  dryness  because 
j anhydrous  conditions  are  recnilred. 

Altemate  rnethod:  The  VCi,  is  heated  in  a stream  of  Oa,  »ia*»p 
the  apparatus  described  lor  the  preparation  of  VC  1 4 from  VCl,  ^ 
CIh,  p.  i2S9  [R.  Funk  and  Vf.  Weiss,  Z.  anorg.  allg.  Chem.  295. 
327(1958)].  — “ 


SYNONYM : 

Vanadyl  trichlorldeA 


PROPERTIES^ 

Formula  weight  173,32.  Light-yellow  liquid.  M.p.  — 79.5'C, 
b.p,  127''C;  vapor  pressure  (0«C)  4,4  mtn„  (80*G)  175  mm.;  d 
(0“C)  1.85,  (32 ®C)  1,81.  Instantly  hydrol^z^  by  K^;  quickly 
attacked  even  by  atmospheric  moisture;  violent  reaetien  with  Na 
above  180  ®C.  Soluble  in  ethanol,  ethyl  ether  a2id  glacial  acetic 
acid. 


REFERENCES: 

I.  H.  Hecht,  G.  Jander  and  H.  SchLapmazxap  Z,  anorg*  Chem,  254> 
255  (1547)- 

a.  W.  Prandtl  and  B,  Bleyer.  Z,  aiwirg,  ChemA  §5,153(1902)1 
L.  Vanino.  Handb.  d.  prap,  Chemie,  Anorg.  Teil  iHandbook 
Preparative  Chemistry,  Inorganic  Section],  3rd  Ed.,  Stuttgart, 
1925,  p.  675;  F.  B.  Brown  and  F,  A.  Grlfflte  in:  H.  S.  Booth, 
Inorg.  Syntheses,  Vol.  I,  New  York- London,  19S9,  p.  108  and 
J.  C.  Bailar,  inorg.  Syntheses,  Vol,  IV,  New  York-LotaJon- 
Toronto.  1953,  p,  80;  A.  Moretta.  Comptes  Bendus  Hebd. 
Seances  Acad.  Sci.  2(B.1846  (1936), 

■ ..-.I-  -'I* 

Vanodiunt  Ofoxychiorid*  . 


voci,  + ciiO  “ vo*d  + SCI, 

175.3  88^ 


tube,  with  all  joints  and  stopocwi®  made  gas* 


IMS 


Q*  BFAUER 


inrfamrba  Hoeohst)  or  Tefloa  grease,  is  purged  with  di^  n,, 
Ihu  pttt*  VOCU  distilled  in,  aiid  ClaO  gas  diluted 

ifta  oTis  introduced  at  room  temperatia’C,  The  Cl^  gas  mixture 
ta  dbtalMd  ty  passing  O3  and  cl 3 (both dried  over  PgOs)  over  Hgo, 

|5  advaatageouB  to  keep  the  HgO  in  a rotatable  glass  tube 
surrounded  by  a cooling  jacket  (Liebig  condenser). 

After  a while  an  orange- colored,  mlcrocryatalllne  mass  i;j 
formed^  while  the  temperature  of  the  reaction  mixture  increases 
sUghUy.  The  Oa-ClgO  feed  is  continued  until  the  quantity  of  the 
crystals  formed  makes  farther  feeding  impossible.  The  material 
Is  filtered  under  rigorously  anhydrous  conditions  and  then  vacuum- 
dried.  The  product  must  not  be  washed  with  CCl  4,  becaused  this 
solvent  slowly  reacts  with  VO  aCl  even  at  room  temperature,  afford- 
ing phosgene. 

The  yield,  based  on  Cl^O,  is  nearly  quantitative  abased  on  VOCla, 
it  is  not  higher  than  60%. 

PBOPEflTES: 

Orange-red,  microcrystalline,  very  hygroscopic  powder.  At 
150*Cp  dlsproportionates  into  VaOp  and  VOClg.  Sparingly  soluble 
in  nonpolar  solvents,  moderately  soluble  in  ethyl  ^her,  soluble  In 
with  decomposition,  d 2^,29, 

nsFEASNCEi 

K.  Debnlcke^  Personal  communications,  1960, 


Lowar  Vanadium  Oxidea 


2V,Oi  + VtO,  = V,Oi, 

149.9  SI  3.7 

af  A stoichfometric  mixture  of  VaOp  and  V3O3  is  heated  fer 
48  hffurs  at  not  lese  than  600“C,  preferably  at  750^800'C,  la  an 
CTaciiated,  sealed  quartE  tube* 

b)  Or,  the  VaO^  surface  la  reduced  In  an  SO  a stream  at  a 
fei^rature  aomewhat  higher  than  700«C,  and  the  vinreactad  VaOe 
ie  extracted  from  fixe  reaotioa  product  with  coac.  flmmnwta. 

MorritTiFS: 


IPw^iaack,  cryatalllne  powder.  Readily  soluble  in  txmc.  HMOa, 
semhle  in  cone,  ammonia  and  2 N HaOH*  The  Jiwfepead^ 
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700*C  ^ crystal  Btruotims  Is  stable  on^betow 


VOi 


Since  ^e  direct  reduction  of  V3O5  does  not  give  a well-^-defln^ 
product  this  compound  is  best  prepared  by  Bynthesis  from  V^Oa 
and  V 3O3,  suggested  a long  time  ago  by  Berzelius: 


VA  + V,0,  = 4VO, 

IftLa  149.9  331^ 

An  intimate  upixluTe  of  V^Ob  and  Vgp^,  In  the  eicftot  proportim 
required  by  the  equation,  ia  heated  for  40-60  hour®  at  750^800*0 
in  a small  evacuated,  sealed  quartz 

AltsTTiate  methods:  The  V^e  Is  fused  with  an  excess  of  crystal- 
line oxalic  acid  until  a greenleh-blue,  completely  water-soluhte 
mass  of  vanadyl  oxalate  is  obtained*  This  mass  is  then  calcliiiefl 
to  complete  decompoattlou  In  the  absence  of  air*  The  VO*  Is  ob- 
tained as  the  residue, 

PHOPERTIES: 

Blue-'black  powder,  1650*C;  d 4*34*  Deformed  C 4 (nrtllaf 
type  crystal  structure. 


VnOsji— 1 

According  to  G-  Anderson,  several  lower  vanadium  oxides  have 
vety  similar  compositions  which  are  Intermediate  betweeo 
VO  3 and  of  and  correspond  to  tha  formula  VnO ait- i(V*ere 

n ^ 3,  4,  5,  6,  7 or  8)*  These  taddes  have  very  narrow  Wglqiis  «£ 
homogeneity  and  are  obtained  by  vacuum  beating  6o^re^poodlng,^ 
mixtures  of  VaOs*  VgOg  and  V for  2-20  days  at  6B0-1000*C, 


V,Og 


ViOi  + 2Hj  V*D*  + 2HiO  'Vi; 

m.9  44^1.  1«.9  “f 

The  VaOs  ts  reduced  In  a stream  erf  very 
first,  tor  2 hours  at  €00*C  (the  r 

exceeded),  then  tor  6 additional  hows  at  900-1000  C.  _ ' ^ 

For  information  on  the 

H,  Hahn  and  C.  de  Laurent,  Angew.  Chera.  OB,  S2».iJ.o»SL,.. . , 


IM* 


Li, 


Doll,  buck  povtfder-  M.p.  19T(J^C;  4.67.  Crystal  structuret 

Atumiaa  type. 

TO 


V,Oi  + V - 3 VO 

HS.S  Sl.O 

Syntbesiaed  from  VaO^j  wid  V metal  powfler  under  vactinm  or 
Ar.  The  reactants  are  kept  in  Al^g  crucibles  which,  in  turn,  ate 
inserted  Into  small,  evacuated  quartz  tubes.  Or.  the  apparatus 
described  by  Ehrlich  for  the  preparation  of  TIO  (p.  1214)  may  be 
used.  The  optimum  reaction  temperatures  lie  between  1200  and 
1600*C,  A product  of  greater  uniformity  is  obtained  tJy  occasionally 
interrupting  the  heating  and  repulverlalng  the  material.  A reaction 
MTWft  of  the  order  of  24  hours  at  1200-1300*C  is  needed,  whereas 
1 hour  is  sufficient  at  leCO^C. 

Alternate  method:  Electrolysis  of  phosphate  melts  containing 
dissolved  V3O5  [H.  Hartmann  and  W,  Massing,  2,  anorg,  allg, 
Chem.  M§.  98(1951)1. 

PROPERTIES; 

Gray  powder.  The  region  of  homogeneity  is  VOo,7s“VOi  ,20, 
Crystal  structure:  B 1 (MaCl)  type. 

HEFEUENCES: 

H.  Fendlus,  Thesis,  Unlv,  of  Hannover,  1930;  W.  Klemra  and  h, 
Grimm.  Z.  anorg.  allg,  Chem.  359  (193$);  W,  Klemm  and 
E.  Hoschek.  2.  anorg,  aUg.  Chem,  $3  (1939);  W.  Klemm 
and  L,  Grimm.  Z.  anorg.  allg.  Chem.  250. 42  f 1942):  W.  Klemm 
and  P,  Pirscher.  Optllc  3,  7B  (1948);  F.  Aebi,  Helv,  Chim, 
?3l*  8 (1948);  S,  S.  Todd  and  K,  R.  Bcnnickson,  J,  Amer, 
Chem.  Soc.  73,  3894  (1951);  M.  Frandsen.  J.  Amer.  Chem. 
Soc.  74,  504fi  (1952);  K.  Schiihberg.  Acta  Chem.  Soand.  8,  221 
(1954)!  G,  Anderson.  Acta  Chem.  Soand.  6, 1609  (1954). 


Vanadium  (lit)  Hydroxide 
V(Ofl), 

emJt  NSjjVO 4 solutlrai  is  reduced  eiectrolytically  ate  mer- 
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Al  PKKPARATION  OF  THE  VANADATE  SOLUTION 


V,Oj  + 6NsOH  = 2Na,VO,  + 3HiO 

181.9  J40.I1  8ST.0  54.0 


Concuntrated  NaOH  is  prepared  from  equal  welghtB<>f  NaOH  and 
KaO,  and  the  solution  Is  filtered  In  Uis  absenoe  of  GO3  to  Temm« 
the  Naa^Oa  oontaminani.  The  strength  of  the  solutlcm  Isfheia 


Fig,  302,  Prepara- 
tion of  vanadium  (in) 
hydroxide.  A)  carbon 
anode;  D)  clay  dia- 
phragm; E)  electro- 
lyte solution;  C)  rub- 
ber stopper;  iV)stand- 
ard  ceU;  inlet 

type:  S)  electrolyte 

bridge. 


determined  by  analysis.  The  amount  of 
VgOg  requlr^  the  above  equation  is 
then  dissolved  in  this  solution,  and 
1 M NaaVO«  Is  ptrepared  by  dllutloa  with 
water, 

B)  ELECTROLYSIS 

An  electrolysis  cell  of  the  t]rpe  shown 
in  Fig.  302  is  filled  with  very  piireHg  and 
the  NSaVO^  solution.  The  cell  is  closed 
off  with  rubber  stopper  G,  and  the  anode 
space  within  the  clay  diaphragm  DiafiUed 
with  1 M Ka^O^  solution.  Very  pure  Ng 
Is  bubbled  (via  Islet  tube  H)  throv^h  the 
electrolyte  solution  for  the  first  15  min- 
utes, and  Is  passed  over  the  llqpld  surface 
for  the  remainder  of  the  electrolysis. 
Electrolysis  is  carried  out  with  a current 
of  5.1  amp.  at  a cathode  potential  oi 
— 1.70  V.  (oheoked  by  means  of  tlm  stand- 
ard cell  AO-  Brown-green  V(OH)a  precipL*' 
tates,  andthe  electrolyto  assumes  abrown- 
red  color,  Theelectrolysielsdlsoontinued 
after  5-10  hours,  and  V[0H)3  isolated  in 


the  absence  of  air.  This  is  accompllBhed  by  first  draining  tbs  Bg 
through  the  stopcock,  then  suotlon-fUterlng  the  V(OH)a  suspension 
under  a N3  atmosphere  and  thoroughly  washing  the  precipitate 
with  deaerated  HjO.  Finally  the  V(OH)a  is  dried  In  high  vacuum, 


PaOPEBTIES; 

Formula  weight  101,97, 
oxidized  by  Oa- 


Brass- colored.  crystaUind.; 


nXFEBENCie: 

N,  Konopik  and  A,  Neckel,  Monatsh,  Chem,  85,-  917  (I95T), 


tiro 


Vafidc^ium  (V}  Oxi<j« 


Htehfist  grade  VjOs  is  obtained  by  ce^icining  NH^VO^  at  500- 
SSD*C  Trftcas  of  K usually  contamlna ting  the  product  thus  obtained 
can  be  virtually  eliminated  by  heating  for  18  hours  at  530™S70"C  in 
a moist  Os  stream. 

PROPERTIES: 

Formula  weight  131-9,  Red  to  orange-yeiiow  powder.  M.p. 
674*C-  Slightly  soluble  in  water:  0,07  g./lOO  g,  HaO?  d 3.36. 
Readily  soluble  in  alkali  hydroxide  solutions,  acids  and  ethanol. 
Crystal  structure:  ortho  rhombic - 

Supported  VjOj  <V,Oi  catal^slEi) 


I ON  ASBRSTOS 

A solxttlon  of  5g-of  NB-1VO3  inlOO  ml-  of  boiling  HaO  Is  reduced 
with  NH  JBOa  and  treated  with  SulfiEric  acid  until  the  solution 
turns  a pure  blue-violet.  Asbestos  (20  g*}  is  added;  the  mixture  is 
allowed  to  boil  for  10-15  minutes  and  is  then  cooled  to  40-SO*C;  It 
is  then  rendered  strongly  alkaline  by  addition  of  cone.  NH^, 
whereby  the  V(OH)3  precipitates  onto  the  asbestos.  The  latter  is 
dried  and  again  treated  with  unreduced  NH4VO3*  whereupon  the 
asbestos  and  the  flask  wall  become  vlolet-biue.  The  asbestos  mass 
is  then  pulled  apart  into  small  clumps,  dried  and  calcined  at  500- 
fiOO^C;  its  content  may  be  as  high  as  50%. 

11.  ON  CERAMIC  materials 

To  produce  a homogeneous  deposit  of  VaOs  on  ceraxnlc  mate- 
{Ctg*,  firebrick),  2-3  equivalents  of  a mineral  acid  is  added  to 
a NH4VO3  solution*  The  resulting  dark-3rellow  solution,  which  con- 
tains colloidal  VjOfi  ' aq.,  Is  boiled  In  the  presence  of  the  oaramlo 
matertal  (heating  on  the  water  bath  is  Insufficient), thereby  causing 
precipitation  onto  the  carrier  of  a yellow- red,,  strongly  adhering 
layer  of  V^g,  Glass  (not  porcelain)  reaction  vessels  should  be 
used  in  this  process, 

BTFEHENCESt 

W,  Y^remov  and  A,  Rozeaberg,  Khim,  Prom*  4, 129;  Chemp  Zentr* 
122?*  n*  W94;  L Adadurov  and  G*  Boreskov*  Khtm*  Prom- 
732;  Cbem«  Zentr*  1&3&,  n,  2926* 
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1Z7I 


Colloidal  V.O, 


[.  method  of  BILTZ 


a)  A mortar  ig  usedto grind  1 g.  of  NH4VOa  with  aoroe  and 
iO  mL  of  2 N HCl  lo  added  while  stirring  with  the  pestle*  The  red 
precipitate  formed  aiwi  the  supernatant  are  transferred  onto  a 
filter,  the  liquid  is  filtered  off,  and  the  solid  is  washed  with  H^p, 
After  a while*  the  Initially  clear  filtrate  beeomea  reddlah  and 
turbid-  The  precipitate  la  then  transferred  from  the  filter  to  an 
Erlenmeyer  flask  (using  water  from  a wash  bottle)*  and  the  volume 
is  adjusted  to  100  ml.  The  quantities  of  materUi  used  may  be 
Increased  up  to  200-fold,  provided  the  proportions  are  kept  the 
same^.  After  a few  hours  the  conversion  of  the  precipitate  to  a 
clear  orange-red  VaO^  sol  Is  complete.  Fibrillar  bireftrtngence 
becomes  evident  only  after  prolonged  standing, 

b)  In  the  modification  of  Humphry,  0,6  g,  of  KH^VOg  and  2 ml. 
of  nitric  acid  (1  voL  of  cone,  KNO3  + 10  vol,  of  Hrf>)  are  ground 
together  and  then  an  additional  2 ml*  of  HNO  ^ is  added.  The 
mixture  is  filteredi  and  the  V^Oe  formed  ts  washed  until  it  starts 
pasaing  through  the  filter;  it  is  then  shaken  with  200  ml«  of 
and  allowed  to  stand  for  14  days- 

PROPiraTrES; 

Because  of  the  fibrillar  structure  of  the  particles,  the  sol 
exhibits  strong  streaming  blrefrlngenoe  and  on  aging  shows  an 
increase  in  fibril  length.  Part  of  the  VgO^  1b  always  molecularly 
dissolved,  In  an  amount  increasing  aymbaticaHy  with  the  total 
concentration.  The  sol  absorbs  electrolytes  strongly,  and  always 
contains  some  vanadium  (IV), 

n.  METHOD  OF  PRAMDTL  AND  HESS:  SAPONIFICATION  OF 
TEHT-BUTVL  ORTHOVANADATE 

2tC,H*)iVO*  + 2H*0  V*0*  + 

57a.fl  54,0  1BL9  444.7 


a)  l^rf-Butyl  alcohol  and  V^Os  are  refluxed  for  several  hours, 
affording  a iight-yellow  solution  of  /eri-buiyl  orthovanndato  conr 
taming  5,3  g,  of  V^b  WO  g.  The  solution  is  filtered  and 
subjected  to  fractioiial  vacutim  dlsUilation  in  an  AnshiH^  flaBk.  Thto 
ester  is  sometimes  repurified  by  a second  vacuum  difltmatK>a:- 
Ester  properties:  b,p,  117®C  (16  mm.}*  132 *C  (32  mm.);  na*p/ 


46-47^  C*  ^ 

b)  HaO  iB  added  to  the  ester;  this,  produces  a very  Iwse 
(swollen)  oraiffie-'COIored  precipitate*  On  boiling  with  a large 
quantity  of  a cloar,  ooUoldai  VgOs  aoiuttoa  Is  ottainpd.  Thev 
alcohol  ib.p.  S2®C)  is  oompletsly  ellmlnKted  by  the  boiling.  ■ ^ 


tm 
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I^RCkP'ERTlSS: 

Blectr&lyte-fwe,  virtually  monodisperse  boI;  does  not  age 

mtflAodS-*  ftJ  Pouring  molten  V^Ob  into  Hg0  gives  a 
fairlv  Dolvdlsperse  sol,  which  is  electrolyte -free  and  undergoes 
little  or  no  aging  [E.  Miiller,  Kolloid-Z.  8,  302  (1911  )J. 

b)  Dissolving  V^Ob  In  dilute  HgOs  and  boiling  the  solution 
affords  a strongly  polydisperse  sol,  which  is  electrolyte-free  and 
does  not  age  appreciably  [W.  Ostermann,  Jahrb.  d,  phllos.  pafc. 
Oottti^B  11,  265  ( 19211 J. 


IffirKRENCES: 

General:  H.  Gessner,  Kolloid- Belh,  19,  213  (1924)* 

I.  W.  Blitz,  Ber.  dtseh.  chem.  Ges.  37,  1095  (1904);  E.  Sauer, 
Kolloldchem,  Praktikum  {Lab.  Manual  of  Colloid  Chemistry), 
Berlin,  1935;  R.  H*  Humphry.  Proo.  Phys.  Soo,  (London)  35, 
217  (1923). 

IL  W,  Prandtl  and  L,  Hess.  Z.  anorg.  allg,  Chem,  82,  102  (1913). 


Ammonium  Metovonodate 


Anunonium  metavanadate  Is  a common  commercial  product, 
but  its  purity  usually  leaves  something  to  be  desired.  Since  it  is 
easily  prepared  from  (see  method  11)  and  inttim  readily 

yields  VaOe  on  calcination,  it  plays  an  Important  role  in  the 
preparation  and  purification  of  vanadium  compounds.  Only  the 
piuiflcatloi)  of  NH4VO3  is  treated  here. 

1,  A saturated  NH^VOs  solution  is  prepared  in  boiling,  weakly 
ammoniacal  About  500  ml.  of  H^O  is  required  for  25  g,  of 

NH4VO3  but,  to  avoid  excessive  hydrolysis,  it  Is  better  to  use 
more  water  than  to  prolong  the  boiling.  The  solution  is  filtered 
hot  through  a fine-pore  fritted  glass  filter,  10%  of  its  weight  of 
solid  NH4CI  is  added  to  the  filtrate,  and  the  mixture  is  cooled  to 
O’C*  The  precipitating  NH4VO3  is  allowed  to  stand  at  O'C  {1  hour); 
it  is  then  sucUon-filtered  and  washed  with  a small  amount  of  ice- 
cold,  ammoniacal  Hjp  and  finally  with  some  ice-cold  pure  water. 
If  necessary,  this  recrystailizatlon  may  be  repeated  several 
titnes.  Complete  removal  of  alkali  ions  and  traces  of  V^s  ■ 
(formed  on  sllgU  hydrolysis)  is  extremely  difficult. 

H,  If  a smaller  volume  of  liquid  is  desired,  V^b  is  dissolved 
In  as  NaVOg,  and  NH4VO3  is  precipitated  from  this 

splttUott  by  addition  of  NK*cl. 

* ^ ^^6  is  added.  In  small  portiona  and  with  stirring, 

■ J\  jS?®  solution  of  17.5  g,  of  anhydrous  In  123  ml.  of 

Aner  the  CO;b  evolution  has  subsided,  saturated  KMdO'4 
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solutloa  is  added  to  the  reaction  mixture  in  an  amount  Just  aufttoleilt 
to  discharge  the  green-blue  color  atemmlDg  from  partial  reduction 
of  the  vauadlum,  Undlssolved  V and  MnO  aure  carefully  suctim^ 

filtered  on  a fine-pore  fritted  glass  fUter  until  the  filtrate  la 
completely  clear.  The  residue  is  washed  with  until  H^a 
no  longer  gives  a positive  reaction  for  vanadiuncu  The  fllkrate, 
which  amounts  to  about  12&-150  ml.,  U heated  to  60*C  and  *i»en 
poured  all  at  once  Into  a hot  solution  of  75  g.  of  NH  *C1  in  126  nil. 
of  HjO.  Precipitation  of  NH4V0a  starts  Immediately  and  la  com- 
plete after  a few  hours.  Some  of  the  salt  adheres  fairly  tenaciously 
to  the  glass  walls.  The  salt  is  suction-filtered  and  washed  with 
small  portions  of  HaO  until  the  washings  are  free  of  chloride  ton. 
It  is  then  dried  In  air  at  atemperature  below  40^C.  An  almost  pure- 
white  salt,  still  containing  some  Na  (about  0.3%  NaCl}  Is  obtained 
in  80%  yield. 

The  NH4VO3  can  be  recrystallized  under  similar  conditions. 
For  example,  25  g.  of  the  salt  is  dissolved  in  a solution  of  16  g.  of 
Na^Og  in  125  ml.  of  HsO  with  mild  heating  (to  3D-40’C).  The 
mixture  is  then  carefully  filtered  and  precipitated  at  once  with 
NH4CI  as  described  above. 

FHOPERTIES: 

White,  crystalline  salt,  often  yellowish  due  to  slight  traces  of 
V^g.  Solubility:  (15*C)  0.52  g„  (32‘’C)  1,0  g.,  (50®C)  1.6  g,  per 
100  g,  of  H3O-  d 2.33,  Liberates  NHa  above  S0“C,  Readily  con- 
verted to  V 3O5  whan  heated  dry. 

REFSSEilCES: 

I.  L.  Vanino,  Handb.  d.  prap.  Chem.,  Aaorg.  Tell  iHandbookof 
Preparative  Chemistry,  Inorg.  Part],  3rd  Ed,,  Stuttgart,  1926, 
p.  672;  M,  Lachartre.  Bull.  See.  Chlm.  France  £4]  321 

(1924). 

II.  R.  H,  Baker,  K-  Zimmermann  and  E.  N.  MaJfflonln;  L.  F. 
Audrleth,  Inorg,  ^nthoses,  Vol.  IH,  New  York- Toronto- London. 
l&SO,  p,  117;  experimental  data  and  personal  oommunlcations 
from  several  laboratories. 


Alkali  Vonodotea 

Among  the  alkali  vanadates,  only  NaVOa  is  commercially 
available.  However,  the  number  of  existing  defined aUmlivanadalesf 
is  rather  large.  Only  the  system  KaO-VaOg  has  been 
a systematic  preparative  study.  It  may  be  assumed  toat  the  other 
systems  have  similar  structures, 

A stoichiometric  mixture  of  K^COa  and  V jpg  (for  ^ 

total  of  5-6  g.)  is  heated  in  an  open  cruoible,  Thecniolble  mateidal 


I«f4 


|ji  PI  if  mixtures  are  rich  in.  alkali,  an  S0%  Au-'SO'J^ 
aUiOT*  Th®  t®mpcratur®  should  not  be  inc roamed  at  a rate  faster 
ttm  lO^C/min.,  In  order  to  prevent  a too  vigorous  reaction  which 
whiM  result  in  loss  by  spattering*  At  low  alkali  contents , the 
required  temperature  is  about  500  C,  while  lOOO^C  la 
Msded  ’When  the  alkali  content  is  high.  Several  hours  (8-24)  of 
toatliw  are  required  at  these  temperatures.  The  product  la  cooled 
to  belw  aSO^'C  in  a desiccator  to  prevent  moisture  absorptloji. 
The  preparation  must  be  modified  somewhat,  depending  on  raw 
material  composition  original  literature). 

The  phase  diagram  of  the  system  shows  the  existence 

of  the  following  potassium  vanadates;  KaO  - 4 VgOg  (m.p*  620"C* 
incoogruent);  KaP  * VgOg  (m.p*  520®C)^  16  K^O  * 9 V3O5  (m.p, 
896*C,  iucongruent);  2 K^O  * V^Oe  (m.p*  910''C};  3 KgO  ^ V^Op 
lm*p-  J300''C). 

REf£  HENCE!: 

F.  Holtzberg,  A,  Relsman,  M,  Berry  and  M,  Berkenbllt,  J,  Amer. 

Cbem,  Soc,  1536  (1956). 

Vcmodium  Sulfides 

All  vanadium  sulfides  can  be  synthesized  from  the  elements. 
An  intimate  mixture  of  the  finely  pulverized  components,  in  the 
proper  proportions^  is  placed  In  slutered  clay  tubular  crucibles; 
those  arc  Inserted  In  quartz  tubes  ^ which  are  then  evacuated 
and  melt- sealed*  The  tubes  are  then  slowly  heated  and  finally 
maintained  for  a long  time  at  a maxi  mum  temperature  of  lOOO- 
1300*C,  Contact  between  the  vanadium  nojetal  and  the  quartz  mvist 
definitely  be  avoided. 

This  procedure  yields  VgS,  VS  and  VgSg, 

3V  + S ^ ViS;  V + S = VS;  2V  + 3S  ^ V,Sj 

1S2.9  3Z.I  1S5-0  WO  32,  L &2.1  101,9  96.a  198,1 

All  the  sulfides  1 aa  phases  of  the  V-S  system  ^ have  more  or 
less  wide  regloiiB  of  hOEnogenetty* 

methods  can  also  be  used  to  obtain  particular 

sulfide  phases^ 


W 


« 


VtS*  - 2VS  + s 
m,i  iM.o  eaj 

of  V,S3  looo'c  in  a Ha  stream  yields 
w*»e  of  oompoaltlon  VS , in  20  boors. 


2 3,  vanadium^  niobium,  tahtauum 


Pure  YS  can  also  be  prepared  by  prolonged  caldufttlon 
in  a stream  of  HgS* 

PROPEHTIES: 

vs  exists  j fifl  a phase  of  the  V-S  system*  between  VS  wS 
^ 4*51,  It  has  a B8  (NlAs)  type  crystal  structure  with 

voids. 


V.S, 


VjOi  + 3HiS  = V,S,  + 3HjO 
119,9  ioa.2  mi  51  jo 

A thin  layer  of  about  0*5  g-  of  VaPals  spread  in  a porcelain 
boat*  which  U then  inserted  Into  a suitable  tube  and  heated  for 
10  hours  at  75G''C  in  a moderately  fast  stream*  predrlod  over 
silica  gel.  At  the  end  of  this  heating  period*  the  tube  is  cooled  in 
an  stream  and  the  V3S3  removed  from  the  boat*  A uniform 
and  thin  layer  of  V^Oa  Is  essential  to  achieve  a reasonable  reaction 
time.  Under  the  same  conditions,  a-3  g.  of  V3O3  requires  2 days 
for  complete  conversion  to  the  sulfide-  Increasing  the  temperature 
to  850*’C  reduces  the  reaction  time  to  a few  hours,  but  the  end 
product  contains  somewhat  less  S than  reqtdred  by  the  formula 

VS  1,47)* 

In  addition,  can  also  be  used  as  the  starting  material^  by 

heating  it  at  700^C  in  a stream  of  CS*  vapor-*  For  data  concerning 
the  formation  of  VaJS^  single  crystals,  see  H,  Hahn  and  C*de 
Laurent,  Angew,  Chem*  68,  533  (18561- 

PROPEHTIE3: 

Homogeneous  between  VS  1,17  aud  Dark-gray  powde^^ 

Quite  resistant  to  dil.  acids;  in  contrast  to  VS 4*  insoluble  in  dilute 
sodium  hydroxide,  d 3*7* 


A mixture  of  V^3  aud  exaese  S,  corresponding  to  the 
mate  formula  VSao-  la  heated  for  16  hours  at400*C  to  a 
tube,  foUowed  by  a 12-hour  anneaitog  period  at  90*C  (to  oohYd** 
the  excess  S into  the  soluble  of'“form)i  The  reaction  product  Is  . . 
then  exhaustively  extracted  in  a Soxhlet  apparatus*  wi&  ; 

remaining  as  the  residue.  Extending  the  heating  period  (to 
months)  affords  larger  crystals* 


t>N 
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^Kopstrrtcs.' 

PormulawelKht  179.19.  Black  powder.  CompoaltiongometlmeB 
do«a  not  correspond  exactly  to  the  formula.  Unstable  above  B00"C. 
deoomposiw  Into  V ^3  and  S.  Quite  resistant  to  dilute  acids; 
leadlS^ildcompletely  soluble  in  sodium  hydroxide,  yielding  a red 
eohitlon.  VSj.ae:  d2.8. 


RErERENCES  {#11 

W.  Biltr  and  A.  Kocher,  Z.  anorg.  allg.  Chem.  241,  324  (1939);  E. 
Hoschek  and  W,  Klemm.  Z.  anorg.  allg.  Chem.  2^,  49  (1939); 
W.  Klemm  and  E,  Hoschek.  Z.  anorg,  allg.  Chem.  362 
(lW«);  B.  Pedersen  and  F.  Grsfnvold.  Acta  Crystallogr,  12, 
1922  (1959);  B.  Pedersen.  Acta  Chem.  Scand.  13,  1080  (1959); 
G-  M.  Loginov,  Zii,  Neorg.  Khlmil  5,  221  (1960). 


Vonoflium  Setenides 


I.  V,0,  -I-  rH  3Sc  = VfScj  -r  3H.O 

149.9  S7.3J,  2:^G.9  54  .& 

About  0-5  g.  of  VsOat  svMoh  during  its  preparation  haa  been 
heated  not  higher  than  5 00-6  00 so  that  ts  an  active  product  capable 
of  fast  reaction.  Is  placed  in  a small  porcelain  boatj  which  is 
inserted  into  a quarts  tube*  A larger  boat  containing  Se  is  placed 
ahead  of  the  one  containing  VaOg*  and  a stream  of  very  pure  Kg 
Is  passed  through  the  tube.  The  V^Oj  sone  is  first  heated  to 
eoo^’Cp  and  then  gradually  to  900 "C,  using  a small  tubular  electric 
fumace;  simultaneously*  the  Se  is  vaporised  by  heating  with  a gas 
httmer.  The  section  of  the  quarts;  tube  extending  beyond  the  furnace 
Is  cooled  with  a cooling  coil.  After  passing  over  the  reaction 
product,  most  of  the  Se  condenses  in  this  section.  After  the  reaction, 
tte  tube  is  allowed  to  cool  and  the  product  is  repulverized;  the 
selenatlon  is  repeated  twice. 

The  composition  of  the  products  thus  obtained  varies  markediy^ 
when  prepared  at  800'^C^  the  end  product  Is  -VSei_^,  at  lOOO’C 


EL  Heating  the  above  products  with  a suitable  excess  of  Se  in  a 
TOOrt  sealed  quartz  tube  at  a temperature  which,  depending  on  the 
Se  cOQleat,  should  be  between  600  and  800®C  affords  products 
wttli  a lilgher  Se  content* 

PL  Tbennal  degradation  of  the  products  of  the  first  selenation*  by 
AMfng  fc  a hl^  vacuum  at  lOOO-llOO^C  for  several  days,  affords 
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PHOPEHTIES: 

The  V-Se  system  h^s  3 stable  phases  ^rtth  very  broad  bomoi^ 
geneity  r^lons. 

a-Phaee  (VSe),  from  VSej^e  to  VSej.ae*  Dull -gray  powder, 
d 5,94,  B8  (NlAs)  type  crystal  structure,  with  voids, 

0 -Phase  lVa3e3),  from  VSCi^aB  to  VSei  qq.  Gray  powder  with 
metallic  luster,  d 5.87, 

V -Phase  iVSe*),  from  VSoi  ea  to  VSOi  Gray,  smaU,  leaf- 
lilce  crystals  with  metallic  luster,  d 5,79,  Crystal  structure: 
C6  (Cdia)  type. 


IIEFEREKCE; 


E.  Hoschek  and  W.  Klemm.  Z.  anorg,  aUg,  Chem.  2^,  49  (1939), 


Vonodium  (tl)  Sulfole 
VS0(‘BH,0 

Produced  by  electrolytic  reduction  of  VOSO4,  follcwed  by 
ethanol  precipitation  of  VOSO*  • 6 HsO  from  the  resuitlngviuiadlQm 
(II)  solution. 


VOSO,  ‘ 3 HjO  ^ VSO,  ■ 0 H,0 
217.1  255.1 

A)  ELECTROLYTIC  REDUCTION 

The  electrolysis  vessel  constats  of  a glass  cylinder,  5 cm.  In 
diameter  and  10  cm.  bJgbt  snoh  as,  for  example,  a small  Pyieac 
pressure  vessel.  This  vessel  la  closed  with  a five-hole  rubber 
stopper  to  accommodate  the  cathode  stem,  thermometer , diaphragm, 
and  N3  iniftt  and  ot^let  tubes.  A suitable  cutlet  tube  is  a small 
fermentation  tube,  wMch  serves  as  protection  agairwt  air  and 
should,  if  possible,  be  drawn  out  into  an  outward-pointing  capillary . 

The  cathode  is  made  by  bsndliy  a lead  strip  ( 3 x 26  x 80  nun,) 
into  a cylinder  so  that  It  enoioses  the  dit^duragm,  A hole  is  then 
drilled  near  one  end  of  the  Pb  strip,  and  a lead  rod  (serving  as  .a 
bus  bar)  is  attached  to  It  by  hammering  in  place.  The  anode 
also  consists  of  a lead  rod,  u*ich  can  be  prepared  by  pouritig 
molten  Pb  into  a glass  tube,  while  cautiously  fanning  the  latter 
with  a flame,  and  then  cooling  and  breaking  the  tube.  Prtorte 
electrolytic  reduotion,  the  cathode  Is  pretreated,  according  to  the 
method  of  Tafel,  by  using  the  cathode  as  an  anode  in  2N 
until  it  is  uniformly  coated  with  brown  PbOa.  The  diaphragm 
co^BistB  of  a glass  tube,  about  16  Cffl*  loug  and  Z LD**  with 
a fine  ftltted-glass  disk  sealed  to  Its  lowor  end^  ^ 
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A SM  VOSO4  solutloiii  which  is  also  2N  in  HaSO*^  ia  prepared 
tor  dlssolTiw  66  g.  of  VOSO*  ' 3 H^O  (for  preparation*  see  p.  12B5) 
itt  adding  8*5  ml*  (18  g*)  of  cone,  H3SO4*  anddiluUT^tc 

Tlie  diaphragm  Is  filled  with  6N  HaSO^  to  the  level  of  the 
VOSO*  solution  In  the  cathode  space.  This  is  best  done  by  pouring 
both  solutions  In  at  the  same  time.  Electrolysis  is  started  at  0,3 
amp  and  about  5 v*  Cooling  is  unnecessary » since  the  tempera^ 
turt  does  not  exceed  30 If  the  current  should  exceed  0*3  amp, 
duriug  the  first  few  hours*  it  must  be  readjusted  to  this  value. 
During  the  intermediate  reduction  period*  the  current  drops  to 
0,2  amp,*  While  the  voltage  increases.  The  current  should,  however, 
not  be  raised  to  0*3  amp*  During  reduction*  the  dark-blue  VOSO4 
solution  first  turns  dark  blue*green,  then  later  dark  and  opaque* 
In  the  final  reduction  period  the  current  again  rises  while 
the  voltage  drops.  Reduction  Is  complete  when  the  solution 
is  red-violet.  Reduction  time;  55-60  hours*  During  electrolysis*  a 
slow  stream  of  Og-free  or  COalspasaed  through  the  electrolyse 
at  the  cathode. 

If  only  the  reduced  vanadium  ^11)  solution  is  needed  and  pre^ 
cipiUlion  of  crystalline  VSO4  Isnot  desired,  the  electrolyte  solution 
can  be  protected  from  atmospheric  in  a simpler  fashion*  by 
covering  it  with  a xylene  layer  about  2 cm,  deep. 

If  desired*  the  electrolysis  may  be  continued  at  O-Ol^’O^Oa  amp* 
and  3 V,  for  several  months;  a completely  reduced  VSO  4 solution 
Is  thus  always  available  for  use.  To  remove  solution  as  needed^ 
the  gas  outlet  tube  is  pulled  out  of  the  rubber  stopper  and  a 
pipette  inserted  in  its  place.  Virtually  no  oxidation  takes  place  If 
the  VSO  4 solution  aspirated  into  the  pipette  Is  immediately  allowed 
to  run  out  into  another  vessel  under  an  Inert  gas  blanket* 

A low  current  density  la  necessary  in  order  to  obtain  a relatively 
concentrated  VSO 4 solution  with  a minimum  c entente  as 

required  for  the  precipitation  with  ethanol  described  below* 

B)  PREClPiT^TlON  WITH  ABSOLUTE;  ETHANOL 

The  glass  apparatus  shown  in  Fig.  303  is  suitable  for  the 
isolation  of  crystalline  VSO 4-  Its  main  section  is  adapter  ic*  bent 
at  an  angle  of  about  The  ends  of  k are  connected  via  standard 
taper  Joints  to  the  other  parts  of  the  apparatus.  The  joints  ar^ 
Ugbtly  lubricated  with  stopcock  grease.  The  entire  apparatus  1* 
fastoied  to  a cross-shaped  supporting  rack  of  iron  bare  by  meana 
™ wo  cotamon  clamps  (not  shown  In  the  drawing) » one  holding  the 
Mck  (s  the  round-bottom  flask  p and  tbecther  the  receiver  The 
cu  be  rotated*  with  moderate  resistance*  about  its  axis 
perpendicular  to  the  plane  of  the  drawing), 
gae  inlet  tube  e ie  connected  via  a pressure  hose  to  a two- 
MOpcock  which  connects  the  system  either  to  an 
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vacuum  pump  or  to  a source  of  pure,  P^p-dried  Tha  must 
be  very  pure;  It  1b  pressurized  to  0.3  atm.  gauge  by  loeatis  cd  a Hg 
or  H gO  leveling  device  (3-m,  water  columa),  and  then  Intro-r 
duced  into  the  apparatus.  A two-liter  flask,  serving  as  a Ng 
surge  vessel.  Is  inserted  between  the  N g purifier  and  the  Pj^e 
drying  train. 


Fig.  303.  Preparation  of  vanadium  (II)  sulfate. 
i:)bent  adapter;«i}  39/36  Joint;  s a) 24/ 2S  joint; 
and  s 4)  12/ 16  joints;  e)  gas  Inlet  tube  with  stop- 
cock hxi  i')250-nil,  round-bottom  flask; /)  tubular 
adapter  with  frltted-glass  disk;  m) receiver;  Ax 
and  hg)  stopcocks. 


The  apparatus  iscompleteb^purgedofalrtay  alternate  evacuatlpit 
arid  flushing  With  nltri^en.  Then  20  ml,  of  2 M VSO4  soluUottia 
removed  from  the  electrolysis  vessel  with  a pipette,  the  stopper 
is  removed,  the  pipette  is  Immediately  Inserted  through  this  opaaing 
until  it  almost  touches  the  bottom  of  Desk  r,  and  the  solptioiiij^ 
allowed  to  flow  out.  With  stopcock  Aj  open,  the  filling  operattOftia/ 


carried  out  in  a countercurrent  nitrogen  stream,  - > 

In  the  same  manner  40  ml.  of  absolute  ethanol.  prevJoueS^ 
deaerated  by  boiling  while  passing  through  pure  dry  nitrogen,  Js 
added  to  flask  r.  Stopper  ss  is  immediately  closed,  and  (he  ea{^ 
^pparittus  vteorousJly  ebaicon  foT  6 minutes  by  A 
}noveiii0&t  of  \h&  croBS  arm.  Solids  grwsailar  VSO4  * ^ Hjp 
to  precipitate  within  a few  secondB*  Stepeock  1®  co^ne^i&s 


IMO 
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via  « nihtwr  bosa  to  a wash  bottte  containing  some  water  and  alao 
Mrvtnr  as  a bubble  counter  and  liquid  seal.  With  stopcocks  h^.  and 
iT  the  pale-purple  mother  liquor  is  decanted  fay  carefully 

tUuisE^  cross  arm.  The  salt  precipitate  in  r 1b  washed  by 
vfaro^s  with  the  liquid  quantities  Indicated  below  and 

the  used  liquid  before  each  new  addition.  The  wash 
liquid  te  introduced,  as  indicated  above  in  the  case  of  the  VSO^ 
soluUoo,  in  a countercurrent  Na  stream  by  means  of  a pipette 
Inserted  thro\^h  *3.  The  wash  liquids  are  Introduced  In  the  following 
order:  2 x 15  ml,  of  deaerated  absolute  ethanol;  25  ml.  of  the 
ethanol  plus  10  ml.  of  absolute  ether;  10  m3,  of  ethanol  plus 
35  ml,  of  other;  5 ml.  of  ethanol  plus  15  ml.  of  ether;  3 ml.  of 
ethanoi  plus  25  ml.  of  ether.  Finally  the  salt  Is  transferred  onto 
the  frltted-glass  filter  f with  an  additional  25  ml.  of  absolute 
ethyl  ether.  The  ether  adhering  to  the  substance  is  removed  by 
the  N3  purge  stream  (about  one  hour).  Flask  m Ig  re- 
placed with  the  N^filled  drying  vessel  t shown  in  Fig,  304  while 
.^fnHnning  the  Na  Stream  via  Vessel  t is  charged  to  one  third 
of  its  capacity  with  a PaOs-punilce  drying  mixture,  and  any  osygen 
present  in  the  latter  is  removed  by  alternate  evacuation  and 
purging  with  Ns.  Then  the  drying  vessel  and  the  tube  / are  de- 
tached from  adapter  k at  joint  ; 3 , f 1s  Immediately  closed  off 
with  a ground  stopper,  and  the  system  is  connected  to  the  oil 
vacuum  pump  by  way  of  Ag  (resetting  the  two-way  stopcock). 
After  evacuation,  stopcock  hs  is  closed  and  the  drying  vessel 
with  the  product  is  allowed  to  stand  for  5 days  at  25  “C  (drying 
can  also  be  accomplished,  without  the  PgOs- pumice  mixture,  by 
immersing  the  evacuated  drying  vessel  in  liquid  nitrogen).  The 
light  red-violet  product  is  stored  in  container  ti,  shewn  in  Fig. 
304,  which  provides  protection  from  ox^en  and  enables  one  to 
remove  the  product  when  desired.  To  transfer  the  product  to 
n,  the  latter  is  evacuated,  then  fUJed  with  Ng;  the  drying  vessel 
Is  also  filled  with  Ng  through  hg,  the  glass  stopper  is  removed 
from  f,  and  the  storage  container  « {which  carries  a male  joint), 
from  which  the  two- Joint  adapter  and  bent  tube  p have  just  been 
removed,  is  inserted  in  its  place.  During  this  operation,  the  Ns 
stream  Is  Introduced  via  stopcock  of  the  storage  container, 
as  well  as  via  h^.  The  substance  la  transferred  to  n frem  the 
fntte^glasB  tube  f by  turning  the  tube  upside  down.  The  stors^e 
oontainer  la  then  detached  from  the  tube  and  closed  off  with 
^^Pter  and  bent  tube  p.  To  remove  any  Og  entrained 
^ transfer,  container  it  is  immediately  evacuated  and 
iiuea  wdui  N,;  these  two  operations  are  then  repeated  twice, 

• 6 ilaO  is  obtained  {90%  yield, 
the  20  ml.  of  2 M VSO*  solution  used), 
exposure  of  the  product  to  air  does  not  affect  Its  storage 
minBUf  provided  the  last  traces  of  Og  are  removed  by  repeated 
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purging  of  the  system  with  N g.  The  product  is  stable  for  SOToral 
months,  even  If  frequently  sampled. 


Fig,  304,  Drying  tube  and  storage  container 
for  vanadium  (Tl)  sulfate,  /)  friUed-glass 
tube  as  in  Fig,  303;  t)  drying  tube  containing 
the  PaOs“pumice  mixture;  n)  storage  tube 
p)bent  tube  for  filling  operations  Involving 
small  amounts  of  substance;  and  s^) 
standard  taper  joints,  as  in  Fig,  303* 


To  remove  some  product  from  the  storage  ooatainerp  the  eett- 
mated  amount  is  transferred  to  the  bent  tube  p tncliniog  and 
tapping  li  {Fig*  304 J*  Nitrogen  is  introduced  via  and  tube  p 
containing  the  product  Is  quickly  replaced  by  an  identical  empty 
tube-  The  clos^-off  storage  container  is  then  evacuated  twice  and 
filled  with  Na;  at  the  same  time,  the  open,  previously  tared  bent 
tube  p containing  the  VSO  * * 6 HaO  Is  quickly  weighed  {to  ascertain 
the  weight  of  sample  In  it),  and  is  then  quickly  connected  to  the  Ng- 
filled  apparatus  (Fig.  303)  by  Insertli^  its  male  Joint  Into  Joint 
J3-  By  quickly  turning  the  cross  arm,  the  salt  is  poured  from  the 
bent  tube  p Into  the  flask  ^ whereupon  the  system  (of  Fig,  303)  Js 
reevacuated  via  h 1 end  refilled  with  N The  VSO  4 ♦ 6 can 
then  again  be  dissolved  in  03**frce  HgiO,  Bdded  frona  a pipette  in  a 
countercurrent  stream  of  Na*  ^ this  manner*  an  Hg^Oi-freo 
solution  of  VSO  4 is  obtained;  this  can  be  used  to  prepare  otter 
vanadium  {11)  compounds  in  the  same  apparatus  while  retaining  the 
certalntv  that  air  is  completely  absent- 

Alternate  method:  A solution  of  VO  in  *? 

the  absence  of  air,  and  is  then  f * 

and  J.  P.  Howard,  Trans-  Faraday  Soc,  52,  712  {1&56)J* 


uu 
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UbM  red-violet^  fine  crystalline  powder,  oxidized  to  brown  even 
in  dry  Mr.  Readily  soluble  in  deaerated  HgO,  yleldij^  a red-vlole( 

**^^'^^ptaliydr8te  VSO4  ■ ^ H4O  may  also  be  formed  under  other 
CondUlofLS^ 

RKFEHENCES: 

J Dehcert.  Thesis.  Univ,  of  Jena,  1952  S.  Herzog.  2,  anorg.  allg. 
Chem.  155  (1958);  L.  Malatesta.  Gaxz,  Chim.  Ital.  71, 

615(1941);  J.  Meyer  and  M.  Aulich.  Z,  anorg.  allg.  Chem.  m, 
278  (1930);  A.  Plccinl  and  L.  Marino.  Z.  anorg.  Chom.  50,  49 
(1906), 


Hydrogen  Disiilfotovanodote  (Ml] 

HV(S0,)=*4Ii,O 

A paste  obtained  by  stirring  10  g.  of  VgOg  and  36  g.  of  cone. 
Is  heated  for  a while  on  & water  bath  and  allowed  to  staitd 
iintiJ  the  next  day-  The  mixture  Is  then  treated  with  80  ml,  of  HaO 
and  reduced  on  the  water  bath  by  bubbling  throfugh  it  a stream  of 
SO 2,  Reduction  to  VOSO+  is  complete  in  a few  minutes-  Excess 
SOg  is  boiled  off  and  the  product  electrolytic  ally  reduced  to  the 
trivalent  state,  using  the  apparatus  described  for  ammonium 
vaDfidJum  (III)  alum  {p,  1284),  The  resulting  green  solution  Is 
filtered  on  a fine-pore  fritted-glaas  disk  and  allowed  to  stand  In 
a vacuum  desiccator  over  After  a few  days,  a green 

crystalline  powder  separates  out;  It  Ig  stirred  with  a large  cjuantity 
of  ethanol,  suction-filtered  and  then  thoroughly  washed  with 
ethanoL  The  product  is  dried  over  in  a COa-fiUed  desiccator- 

STNONYWI: 

Diaulfatovanadic  [111}  acid, 

PaOPEHTlES: 

Formula  weight  318,14»  Green  cjystalline  powder;  can  be 
stored  for  extended  periods  of  time  in  closed  bottles  even  In  the 
presence  of  air- 

j Tile  above  procedure  yielde  NH4V(S04}a  " 

4 when  12  g*  of  NH^VO^  Is  used  In  place  of  10  g,  of 

hexa^drate,  HV(S0-)s  ■ 6 B,0,  Is  formed  If  160  g.  of 
Is  ua«d;  the  salt  NH4V(S04)g  . 6 results  when  NH+VO, 
w reacted  with  the  Btoichiometrtc  amount  of  HaSO*. 
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Sulfates  of  trivalent  vanadium  can  be  obtained  lurli^  l^ydraztne 
as  the  reducing  agent  and  glacial  acetic  acid  as  the  reaotton 
medium.  An  intermediate,  V(CB3COO)a,  Is  formed  under  these 
aondltions.  Hydrates  of  Va(SO*)a,  for  example,  V-fSO*).  • 9 HdO, 
can  be  prepared  in  this  manner. 

The  anhydrous  compounds  HV(SO*>a  and  V,(S04>s  can  be  pre- 
pared by  using  cone.  or  by  thermal  dehy^ation.  See  M^er 

and  Markowicz. 


RE  FERENCES: 

J.  Meyer  and  E,  Marlmwicz,  Z,  anorg.  aUg.Chem.  157,  211  (1936); 
J.  T.  Brierley.  J.  Chem.  Soo.  49,  823  (1886);  A.  StShler  and 
a.  Wlrthwein.  Ber.  dtsch.  chem.  Ges.  3970  (1905);  J, 
Dehnert,  Personal  communloatton,  1951, 


Ammonium  and  Pptos$Tum  Disulfotovonadate  (III) 
NH,V(SO0h  KV(SO,), 


NH4V(SOO. 

A paste  prepared  by  stirring  12  g,  of  NH4VO3  vrith  some  H^O 
Is  slowly  added  to  300  ml,  of  2 N 8^04.  Uve  resulUng  pure 
yellow  solution  is  mixed  with  200  ml.  of  saturated  30^  solution  and 
4D  g.  of  (NH 4)^50  4.  The  blue  solution  obtained  is  evaporated,  first 
on  a water  bath,  then  over  an  open  flame,  until  a blue  salt  begins  to 
precipitate.  Concentrated  HaS04  (30-50  ml.)  Is  added  and  the 
heating,  during  which  fumes  are  evolved,  continued  for  a wbile.  The 
mixture  is  allowed  to  cool  overnight  and  is  then  taken  up  in 
The  residue  is  suction-filtered,  triturated  with  HaO,  rebolled  with 
H3O,  thoroughly  washed,  and  then  dried  over  HsSO*  in  a vacuum 
desiccator.  Yield:  4,7  g.  of  NH4V(S04)3. 


KV(SOi). 

The  K salt  is  prepared  similarly,  by  evaporatii®  a mixture  of 
200  ml.  of  2 N H;^04,  10  g-  ofvanadjflsiilfate,  21-1  g.  of 
10  ml  of  sulfurous  acid  on  a water  bath,  then  adding  10  nu.  of 
cone,  and  heating  for  a while,  wMle 

After  cooling.  400  ml.  of  HsP  is  added  and  tte 
a short  time*  The  greOT  product  Is  crashed  with  HgP, 
filterad  and  vacuum-dried  over 


PSOPERTEESi 

Green,  crystalline  powder,  fcsolublB  in  HgO  and  acids;  attaPted 
and  decomposed  hy  alkali. 


IM4 


A Severs  afid  E.  L*  Muller,  Z,  anorg.  allg*  Chem,  1^,  31a 
(1928);  A,  Rosenheim  and  K*  Y*  Mong.  Z.  anorg*  s^llg*  Chem, 
148  35  (1925);  V.  Auger,  Comptes  Hendus  Hebd.  Seances 
Acad.  Sci.  173,  306  (1931)* 

NH*\(SOJj'12H^O  (Alum) 

A mixture  of  35  g*  nf  NH+VO^,  180  inL  of  K^O  and  a g,  of  cone* 
H^04  (see  below)  is  prepared  with  stirring.  The  hot  mixture  is 
treated  with  SOg  until  a clear,  dark-blue  VOSO  4 solution  is  formed. 
Excess  SOs  ia  boiled  off;  the  mixture  is  evaporated  to  120  ml*  and 
filtered*  A porous  clay  cylinder  5 cm*  in  diamater  and  10  cm, 
high,  serving  as  diaphragm,  is  placed  in  a Pt  cup  (12  cm*  In 
diameter  and  6 cm,  high}*  The  vanadium  salt  solution  is  poured 
into  the  annular  space;  then,  35  mJ-  of  10%  H^SO^and  a Pt  coil 
serving  as  anode  are  placed  in  the  inner  space,  and  the  mixture 
is  subjected  to  electrolysis  for  45-50  min,  at  3-4  v,  and  6-7  amp. 
The  electrolysis  Is  continued  until  a pure  green  solution  is  obtained. 
The  end-point  of  the  reduction  can  be  determined  accurately  by 
comparison  with  the  color  of  a known  vanadium  (111)  solution  or  by 
a control  titration  with  KMn04.  The  reduced  solution  ia  allowed  to 
stand  in  a closed  vessel.  Crystallization  of  the  alum  is  complete 
within  3-3  days  the  yield  is  30-50%, 

TEie  quantity  a used  Initially  determines  whether  the  red 

or  the  blue  alum  form  will  be  obtained.  When  a ==  30  g*^  pure  red 
crystals  result,  whereas  when  ^ =40g,(  the  crystals  are  pure 
blue. 

PRDPEHTIES; 

Bed  or  blue  crystals;  effloresce  slowly  In  alrwith  loss  of  water 
and  oxidation*  At  4D-50®Ct  the  alum  molts  in  its  water  of  crystal- 
lization, affording  a green  mass*  SolubiliW  (20^C):  40  gyiOO  g, 
HaO*  d 1*687* 

K,  Rb  AND  Ca  VANADIUM  {III)  ALUMS 

The  preparation  of  these  con^iouods  ts  similar  to  that  of  the 
SH4  alum*  The  starting  material  le  either  V^Os,  which  is  con- 
® VCffiO,  solution  by  treatment  with  and  SO 3.  or  a 

VO^*  compound.  The  stoichiometric  quantity  ofK^O*,  Rb^O* 
^ ^ and  the  mixture  Is  then  electrolytically  re- 

Mced.  ease  and  completeness  of  precipitation  of  these  iUiins 

w*»  tbefr  green  solutions  Increase  (and  their  solubillly  decreases) 
is  Ibe  Older  K - ftb  - Cs. 
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A,  Plcclnl,  Z,  anorg.Chem.  11,106  (1896);  13,  441  (1897);  A,  Btitte- 
mann,  Z.  Eleictrocbem.  10, 141  (1904);  JT,  Meyer  and  E.  Mai^ 

11926);  H.  HArtmaon  and 
K.  1,.  HCbafer.  Z.  Naturforscii,  6a,  754  (1951), 


Vanodium  pV)  Oxytulfate 
(Vanadyl  Sulfate) 


VOSOi 


V0S0,-3H,0 

A solution  of  VgOe  in  pure  sulfuric  actd  la  reduced,  pref- 
erably with  SO  a (which  is  easier  to  work  with  than  onallc  acid 
and  ethanol  because  its  excess  may  be  readUy  removed). 


V,0,  + H,S04  + SO,  + 5H,0  = SVOSOi'SHiO 

ISIS  9S.1  £1.9 1 eai  434.1 


Thus  a stiff  paste  is  prepared  by  stirring  199  g,  of  mildly 
calcined  VaO^  with  110  ml,  of  cono.  and  50  ml.  of 

considerable  heat  Is  evolved  during  this  operation.  On  the  next 
day,  100  ml.  of  HaO  is  added  and  SO^  introduced  while  heating  the 
mixture  on  a water  bath,  until  nearly  all  of  the  VgOs  1&  diseolved. 
The  dark-blue  fatered  solution  is  concentrated  on  a slowly 
boiling  water  (or  steam)  bath  until  a thick  crystal  mass  is  formed; 
the  crystals  are  then  suction-filtered  and  washed  add-free  wlIJi 
9696  ethanol.  The  undesirable  formation  of  a thick,  blue  eirup  or  a 
hard  crystal  cake,  mentioned  In  the  literature,  seems  to  be  due  to 
Impurities  or  to  reaction  conditions  which  differ  from  those  given 
here;  no  such  Inconveniences  are  encountered  when  VsPs,  p«~ 
pared  from  thiice-recrystallised  NK4VO3,  and  SO^  as  ttor^i^liw 
agent  uBed  acco3?dlng  to  tte  above  procedui^*  Tm  brigj»« 
light-blue  crystalline  powder  la  dried  over  P^s  In  avacm^ 
desiccator.  Yield:  336  g.  of  VQSO*  • 3 H^O.  Evaporation  cf  the 
mother  liquor  affords  another  crop  of  less  pure  vanadyl 
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Skv-biue  eiystallinc  powder.  Readily  soluble  In 
in  et^r  ^S?oSoqplc?Sieflnitd^  stable  in  a closed 
Tided  oxygen  Is  absenct* 
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L.  VfttilhOi  Hwwil).  <1-  prSp-  Chfiiiilet  Aiiorg.  Tell 

Pr^pftrstlvo  Ch6iwistiy>  ^nors.  Psrt],  3rd  sd.,  Stuttga.rt,  192S, 
p.  677;  J,  Dehoert.  Thesis,  Unlv,  of  Jena.  1952,  and  a personal 
oonaniiuiilcation. 

VOSOt,  anhydrous 

ViOs  -I-  2H,SOi  = 2VOSO.  + 2HeO  + ViOi 

ISL'9  326.0  yfl.O 

ADAlytiCfll  gr&de  couo,  H^SO^  (100  ml«)  and  3 g*  V^Og  are 
boiled  for  aeveral  hours  in  a long-Deck*  round-bottom  flask.  The 
product  is  cooled  (first  in  air,  then  In  Ice),  and  poured  Into  500- 
700  ml*  of  HgP.  The  solid  suction-filtered  until  dry  and  washed 
with  a large  quantity  of  water.  Since  the  product  is  still  hetero- 
geneous (yellow-brown  particles,  In  addition  to  green  ones),  it 
ia  again  subjected  to  the  same  treatment  and,  after  suction- 
filtration,  dried  with  ethanol  and  ethePt  or  over  H 3804  in  a 
desiccator. 

PnOPERTFES: 

Green,  loose,  gramdar  to  finely  crystalline  powder-  virtually 
Insoluble  in  H3O. 

REFERENCES^ 

A*  Sieverts  and  E.  L.  Mtiller^  2*  anorg.  allg,  Chem.  173.  313 
(1028);  V,  Auger,  Comptes  Rendus  Hebd^  Seances  Acad.  Sci. 
m,  306  (1921). 


Vanadium  Nitridoa 

VN 

1,  If  pure  V metal  is  available,  it  is  best  to  proceed  via  the 
syntheses: 


^ + ViNt  - VN;  V + NH,  = VN  + 

51.0  1L2  1 650  5J,0  2^.41  65.0 

^ilch  give  the  purest  products.  Depending  on  the  metal  particic 
a reaction  feniperature  between  900  and  1300*0  is  required* 
Tob  Btattlng  tnaierial  is  plaoed  in  a boat  (or  crucible)  made  of 
metal  (see  also  the  preparation  of  TIN,  p*  1233i 
J*f™**'  p,  1328)*  When  other  preparative  methods  are  ueed>  par* 
fMOarly  those  employing  oxygenated  starting  materials  (ae  iit  the 
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method  desorlbed  below),  the  nitride  product  lnevltA:te  ObAtadto 
gome  oxygen.  ^ 

Alternate  methods; 

U,  Veiy  pure  NH*VOa  Is  heated  for  several  hours  at  900*l()fO(i*C 
in  a very  diy  NHg  stream. 

UL  VOCJ3  or  VgOa  is  heated  in  an  NHa  atreami 
IV,  V,Oa  + 3C  + N,=?3VN  + 3 CO, 

V.  Deposition  from  gas  phase  on  an  incandescent  wlre>  ilie  eae 
contains  vCl4,  Ha  and  N^.  (See  also  TIN,  p,  1233). 


ViN 


I.  Vanadium  nitride,  VK,  Is  intimately  mixed  with  the  stoiddo- 
metric  quantity  of  V metal  powder;  either  the  loose  or  the  com- 
pacted mixture  Is  then  heated  at  n0O‘14OO"C  in  an  AldOsor  Mo 
crucible  under  Ar. 

PHOPEHTIES: 

Dark,  submetallie  materials, 

VNt  M.p,  20S0*C;  d 6.04.  Homogeneity  region;  VNi.0O" 
VN(j,-,x.  Crystal  structure;  fil(NaCI}  type. 

v'aN;  Homogeneity  region:  VNo.so-VNoa7.  Crystal  structure: 
L 3 type. 

BEFEBEMCESi 

l,  II.  H,  Hahn,  z.  anorg.  Cham.  2^  58  (1949);  V.  E.  Epelbamn 

and  A.  Brager,  Acta  Phyelcoohlm.  JJ,  596  (1940); 
SchnelL  Thesis,  Univ,  of  Freiburg  i.  Br„  1960. 

m.  H.  W.  Bosooe,  Ana.  Pharm.  Suppl.  6, 114(1868);  7,  191  (1870); 
N.  W.  Whitehouse.  J.  Soc.  Cbem.  Ind.  738  (1907). 

IV,  E.  Frlederich  and  L.  Z.  anorg.  allg.  Chem.  1^,293 

(1925).  _ 

V.  A.  E,  van  Arkel  and  J.  H.  de  Boer,  Z.  anorg.  allg.  Chem. 

345  (1926);  K.  Moers.  Z.  anoig.  allg.  Chem.  198,  243  (1931). 


Vanadium  Photphidsi 

VF„  VP,  VP.=, 


■ 


Vanadium  pliosphldes  ar«  eynt&esUed  from  the  puieBt  V met^ 
available  Pi. 


V 

51.0 


3P 


VPn 

iiaa 


v-hP  ="  VP 

SLO  31.0  SSlO 


onioiMo.  ax*  plecad  to  « ^ 

evaSSS.  ST^eSfid  U bested  for  24.46 
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that  temperature  of  the  metai  te  700-tooo®c  aim 

of  the  P la  48O-650"C.  To  achieve  homogeaeous  producte  and 
P OfUKteiits,  the  reaction  must  be  carried  out  in  stages,  with 
tntennwllatr-  grtedlng  of  the  materials.  Atmospheric  oxygen  must 
ha  carehiUy  oaccluded  during  the  grinding!  to  avoid  appreciable 
absorpUon  by  the  products. 

The  V-P  system  contains  the  phases  VP^  and  VP,  as  well  sg 
several  phases  in  vdilch  the  P content  is  low. 

Id  the  preparation  of  VP^,  an  excess  of  P must  be  used  from 
tlK  very  start  because  VP,  once  formed,  reacts  extremely  aZowiy 
with  additional  phosphorus. 

The  vanadium  phosphide  VP  can  be  obtained  not  only  via  the 
above  syathesla,  but  also  by  thermal  degradation  of  VP ^ at  700- 
900'C  (vacuum). 

Lower  phosphides  (including  V3P)  are  obtained  by  synthesis 
from  the  elements  or  from  VP  and  V, 

Alfcmofe  mefftocf:  Electrolysis  of  V^s-ooatainlt^  phosphate 
metts,  with  cathodic  reduction  to  vanadium  phosphides  [M.  Ch^ne, 
Comptes  Rendus  Hebd.  Seances  Acad.  Sci.  206,  1144  (1933)  i Ann. 
cbimie  [H).  15.  273  {1941)}. 

enoPEiniES; 

Daiit-gray  substances;  the  lower  phosphides  have  a submetalllc 
luster.  Not  attacked  by  dilute  Attacked  by  cone.  Hi^SO^the 

more  readily,  the  lower  the  phosphorus  content.  Incompletely 
soluble  in  nitric  acid  and  aqua  regia.  Can  be  analyzed  after  de- 
oamposttioD  by  fusion  with  sodium  carbonate -sodium  nitrate. 

VP:  d4.7;  VPo,jb:  d 6.4. 

REFEREKCE; 

M.  ZumlniBch  andW.  Blitz,  Z.  anoig,  aUg.  Cbem.  249.  1 (1942). 

Vonadium  Corbidea 

VC,  VtC 

h 11  is  probable  that  pure  products  can  be  obtained  only  by  syn- 
thesis from  the  elements: 

V + c = vCi  2V  + C = V,C 
S1.0  12.0  aa,o  101s  12c  1136 

M reaettots,  preferably  In  finely  subdivided  form,  are  Jn- 
^ needed,  also  compressed  Into  peUeta,  The 
is  then  carried  out  In  a h^h  vacuum.  At  a tenr^rature  of 
awe  C,  a^foxfmately  24  hours,  oral  2000'*C  about  15  minutes,  are 
tor  homogenization  of  the  product.  The  reaction  la  best 
out  In  a graptdte  eniolhie. 


23.  VANADIUM,  NloeiUN)^  TAKTAUUM 


12»9 


In 


Altem^e  mMhods:  a)  The  elements  are  comMaed  Iw 


Hebd.  Seances  Acad,  Sci,  572  (1936)]. 

b)  V^t^mn  o^dea  are  mixed  with  carbon  and  heated  In  a ». 
stream  or  in  high  vacuum,  Carhidee  of  an  inoreaaod  degree  of 

^ temperatures  are  allowed  to  teaeh 

1700“ ^QO  c (see  the  corresponding  preparation  of  TIC,  p.  124&  It,) 
[C.  ^ K.  Moers,  Z,  anosg.  allg.  Chem.  198,  233  (1931);  E.' 

Friederlch  rad  L.  SltUg,  Z,  anorg.  allg.  Chem,  169  (1926)f 
A,  Morette,  Bull.  Soc,  Chlm,  France  ts],  5.  1063  (193S);  W.  DawlM 
and  W,  Rue,  Z.  anoig.  Chem,  244. 191  (1940) J. 

c)  Vapor  deposition  method  (see  TIC,  p,  1246).  An  strsBcm 
coTXtaintng  VCl  * and  toluene  vapors  Is  passed  over  an  lacaudeacent 
W wire  fK.  Moers,  Z.  anorg.  al^.  Chem.  1^,  243  (1931)1. 


paOP£BTIE&: 


Dark,  very  hard,  chemically  resistant  submetalllc  substances. 
The  V'C  system  has  two  phases: 

VC:  Homogeneity  region  VCo,,g“VCo.,4l  m.p.  2800*C.  Ciys^ 
tal  structure;  B 1 (NaCl)  ^pe. 

V,C:  Homogenei^  region  VCo,f-VCo.g.  Crystal  structure: 

L,  3 type. 
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Dfbenzeneva  sodium 
V(C*H.). 


AtCIt 


V{C,H,)*AlCb 
9'ra.o 


VCU  + Al  + 2C|H* 

192.S  Z7.0 

5 V(C,H,J,+  4-  80H  = 4V(CJBJ,  + VO^*'  + 4H,0  + 3C.H, 


■ 

'j-  ^ 

'A  ’■dde.- v'-ih 


The  reactor  is  a 260-ml.,  tbree-ne^ 
agitator,  a reilux  condenser  and  a mercury  sitfe^ Valve.  A^a 
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of  10  ff  {0  37  Ifloles)  of  dry  Al  powder  and  4 g,  (0.03  moles)  of 
ftnaly  subdivided  AlCl,  and  ISO  ml.  of  absolute  benzene  (an 
«^s)  Is  added.  The  system  is  purged  by  Introducing  Ng  via  the 
reflux  condenser.  The  flnsK  is  equipped  with  a pressure-equalizing 
iiwqtfjng  funnel  containing  a solution  of  9 g.  (5  ml..  0.047  molee)  qj 
fleshly  distmed  VCl*  in  50  ml.  of  bensene.  The  flask  contents 
axe  Heated  to  a boll  while  stirring  under  a blanket  of  Ng.  The  VCl^ 
sotuUon  is  then  added  dropwise  (slowly)  over  a period  of  one  hour, 
and  the  mixture  Is  agitated  and  boiled  for  an  additional  20  hours. 
It  assumes  a golden  yellow  color.  It  Is  allowed  to  cool,  and  the 
dropping  iiiimel,  the  agitator  and  the  reflux  condenser  are  replaced 
(under  a fl,  stream)  with  stoppers  and  a vacuum  adapter.  The 
h4>ni.^nf.  iB  then  removed  in  vacuum,  with  heatup  toward  the  end 
of  the  distillation.  The  dry  residue  is  reduced  to  small  pieces 
(In  the  same  flask  and  under  Ng).  While  protecting  it  from  air,  a 
part  of  the  residue  is  then  transferred  to  a 500-ml.  separatory 
funnel  kept  under  Na  (which  is  introduced  through  a side  tube),  and 
covered  with  200  ml.  of  Na-saturated  petroleum  ether.  This  ia 
followed  by  repeated  additions , with  vigorous  shaking,  of  lOO-ml. 
portions  of  Na-saturated  1 N NaOH.  After  complete  hydrolysis,  the 
mixture  is  allowed  to  stand,  the  aqueous  layer  is  separated,  and 
the  brown- red  petroleum  ether  solution  is  washed  three  times 
(in  the  absence  of  air)  with  20-ml.  portions  of  Ng-saturated  HgO. 
Hydrolysis  of  the  remainder  of  the  solid  reaction  product  is 
carried  out  similarly,  In  2-3  operations.  The  combined  petroleum 
ether  extracts  are  dried  for  15  minutes  over  solid  KOH  and  the 
solvent  Is  evaporated  in  vacuum.  The  residue  is  sublimed  at 
120-150*C  in  high  vacuum,  placed  in  a V-ahaped  washing  tube, 
washed  three  times  with  5-10  ml.  of  air-free,  absolute  petroleum 
ether  to  remove  organic  impurities,  and  finally  resubllmed.  Yield; 
1. 3^2.5  g.  (13-26%,  based  on  VCi*). 

PROPERTreS: 

Formula  weight  207,18.  Brown- red  to  black  crystalline  sub- 
stance. M.p.  (in  Ng)  277*C.  Sublimes  In  high  vacuum  at  120-1 50  “C, 
decomposes  above  300®  C,  Instantly  oxidized  by  air  (decomposition). 
S^ubie  in  benzene,  ether,  pyridine,  petroleum  ether  and  acetone*, 
the  Mlutions  arc  brown-red  and  stable  in  the  absence  of  air.  In- 
^ sparingly  soluble  in  CCU  and  methanol.  Not 

msMlved  or  attacked  hy  HgO  in  the  absence  of  Og,  but  decomposed 
in  the  presence  of  air. 


■CrEfiEnCE: 

t.  O,  Flectaer  and  H,  P,  Kiigler.  Chem.  Ber.  90,  250  (1957). 
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t2»l 


PototsJimi  Hexathiocyonatovcinodat*  {Hi] 

KiV(SCN)i 

A v^o<iiusci  (IH)  solution  is  obtained  from  by  reductloi^ 

of  the  latter  with  SOa,  followed  by  electrolyslSp  Thta  solution  in 
then  reacted  with  KSCN: 

V,0*  H-  SHtSO.  + 12KSCN  + 4e“ 

1S1.9  490,4  iiee,a 

= 2KjV(SCN)i  + aKiSOi  -h  5H,0  + 2SOr 
ism.s  5sa,s  goa 

Fine  VsOb  powder  (91  g.,  0*5  moles)  la  stirred  with  2B0  ml*  of 
4 N H^SO^i  the  suspension  heated » and  SO^  introduced  until  a 
clear,  pure  blue  solution  is  obtained*  iie  mixture  Is  heated  to  a 
boil  to  remove  the  excess  SOg  and  is  then  concentrated  to  2/3  of  Its 
previous  volmne, 

This  solution  Is  subjected  to  electrolytic  reduction  In  a cell 
containing  a olay  cylinder  diaphragm;  the  current  is  2-3  amp^ 
at  10  V,  (the  procedures  are  those  described  on  pp,  1277  and 
1284),  The  electrolysis  la  continued  until  the  electrolyte  at  the 
cathode  shows  the  pure  green  color  of  vanadium  (Ql)*  The  beet 
elBotrodes  are  those  made  of  platinum  sheet* 

The  theoretical  quantity  of  KSCFF  used  depends  on  the  volume 
of  the  cathode  electrolyte  and  is  calculated  on  the  assumption  that 
6 moles  [or  583  g-  of  KSCN)  corresponds  to  1 g*-atom  of  vanadium* 
This  quantity  of  KSCN»  in  the  form  of  a concentrated  aqueous 
solution^  is  then  added  to  the  above  electrolyte*  The  resulting  red 
liquid  iB  concentrated  on  a water  bath;  the  residue  Is  dlssoLved  in 
the  minimum  amount  of  ethanol  and  treated  with  ether  until 
no  Longer  precipitates*  The  K3SO4  is  filtered  off,  the  filtrate  is 
evaporated  on  a water  bathi  and  the  precipitation  cperatlon  is 
repeated*  The  residue  thus  obtained  (it  Is  completely  free  of 
K3SO4}  Is  recrystalli^ed  from  a small  amount  of  Hrf),  Wen- 
formed  crystals  of  the  dlhydratej  K3V(SCN)o  ' 2 HgO*  are  obtained* 

The  anhydrous  salt  is  obtained  by  dryli^  the  dlhydrate  aver 
KaS04  in  a vacuum  desiccator*  finely  puiverlaing  U,  a^tl^ 
completely  dehydrating  it  under  vacuum  (drying  pistol)  at  96  C 
until  constant  weight  is  reached- 

pitoFsariES; 

* 3 Formula  weight  852*79*  Brown-redt  toaf- 

KaV(SGN)e:  Formula  weight  516.76*  Very  hygroscopic. 

HEFERENCE: 

O,  Schmlti-Dimiont  and  G-  Brojs*  Z-  awrg*  Chem.gSg*  299  (1M8K- 
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Niobium  Wetol,  Tontotum  Metai 


Because  of  the  tendency  of  Nb  and  Ta  metai  to  form  very  stable 
oxfdes  nUHdes  and  carbides,  the  difficulties  in  the  preparation 
of  the^  metals  are  slmiUr  to  those  encountered  in  the  preparation 
of  Tl  and  Zr  (see  pp.  1161  and  1172), 

Three  methods  are  available  for  industrial  preparation  of  the 
pure  metals.  The  first  involves  electrolysis  of  fluoride  melts 
Ruining  KsNbOFs  (or  K^^TaF,).  as  well  as  a certain  amount  of 
the  corresponding  oxides,  Nb^Os  or  TaaOg,  An  iron  fusion  pot 

serves  as  the  cathode  and  graphite  rods  as  the  anodes.  The  resulting 

inetal  is  a fine  powder  which  may  be  separated  from  the  admixed 
salt  by  a variety  of  processes.  In  the  second  method  an  oxide 
and  a carbide,  for  instance  NbaOg  + 5 NbC,  are  mixed,  compressed 
into  pellets  and  heated  in  h^h  vacuum  to  temperatures  exceeding 
I600*c.  In  the  third  method,  a double  fluoride  is  reduced  either 
with  liquid  sodium  or  sodium  vapor.  In  each  case,  the  material  is 
processed  further  via  powder-metallurgical  methods,  by  subjecting 
it  to  repeated  and  alternating  procedures  which  increase  density 
and  hot  d^Bssing  treatments. 

i.  REDUCTION  ffiTH  SODlLi.M  OR  CALCIUM 


The  laboratory  preparation  of  the  metal  powder  proceeds  via 
reduction  of  the  halides  with  sodium,  calcium  or  CaH^. 

Thus,  for  example.  50  g.  of  high-purlty,  dry  K^TaF^  and  18  g. 
of  Na  (precut  Into  small  pieces  under  tenzenej  are  placed  In  a 
heavy-wall  steel  vessel,  tightly  closed  off  with  a well-fitting 
conical  lid,  which  is  fastened  on  with  screws.  The  system  is 
heated  for  one  hour  at  red  heat,  allowed  to  cool  completely,  and 
reopened;  the  reaction  mixture,  which  still  contains  some  free 
Na,  is  carefully  introduced,  in  small  portions  and  with  agitation, 
into  SOO  ml.  of  HaO.  The  lumps  disintegrate,  and  the  resisting 
metal  powder  is  treated  several  times  with  HgO,  then  hot  nitric 
acid  (d  1.2),  strong  hydrochloric  acid  (1:1)  and,  finally,  again  and 
tboioughly  with  water.  It  is  then  dried. 

According  to  KroU,  the  oxides  can  be  reduced  with  calcium 
metal  In  the  presence  of  CaClg  as  the  fluxing  agent 

Nb,Ot  SCa  = 2Nb  + SCaO 

20S.B  S00.4  1AS.B  2B0.4 


TsjOs  T"  SCa  = 2Ta  T”  5GaO 
‘Wl.S  200,4  SBl.9  280,4 


Bedi^U^  Ca  turnings  of  the  best  grade  are  used  in  ^proxl’- 
mately  30%  excess.  The  presence  of  CaCl^  Is  essential.  For 
nnmple,  la  a preparation  of  a small  amount  of  metal.  8 g.  of 
8*  8 g,  of  Ca  and  15  g.  of  CaCla  are 

la  a beavy-waU  tubular  iron  crucible  (25  mm.  in  diameter. 
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BO  mm,  ions)  ^hlch  18  filled  with  Ar  aad  *dade  gaa-tirtit  by  olo0li« 

nanje)  Iron  plug, 

oi^cible  is  then  Seated  for  half  and  hour  at  about  1000>1160‘C. 
allowed  completely,  and  sawed  open.  The  coDtents  are 

treated  with  water  arid  adds,  as  described  above.  The  metal 
powder  contains  some  very  fine  particles  which  are  beet  separated 
by  decantation  and  discarded. 


The  above  two  methods  are  equally  applicable  to  Nb  and  to  Ta- 
Various  modifications  of  these  methods  are  possible;  InpartlciilaT, 
the  reduction  with  Ca  may  be  replaced  by  one  with  CaHg  [see 
the  corresponding  procedures  for  Ti,  methods  I and  II,  pp.  1161- 
1165,  as  well  as  G.  Tourne,  Aim.  China.  [131,  4,  949  (1959)]. 

The  metal  powders  thus  obtained  are  not  paitfcutarly  pure  and 
often  Contain  not  more  than  97%  of  the  metal,  which  Is  accompanied 
by  hydrogen,  some  oxygen,  and  sometimes  also  small  amounts  of 
nitrogen,  carbon  and  iron.  The  purity  can  be  increased  by  re- 
peating the  treatment  with  the  reducing  metal  or  with  CsHg  and, 
also,  by  increasing  the  batch  size.  At  any  rate,  it  Is  of  advantage 
to  purify  these  powders  further  by  heatlhg  them  at  a high  tem- 
perature under  vacuum,  for  example,  via  procedure  U.  Hopwever, 
the  further  conversion  of  Nb  or  Ta  powder  to  the  correspondlog 
halides  is  not  aSected  by  the  impurities,  provided  they  are  not 
metallic . 


II.  PURIFICATION  BY  CALCINATION 


Low-purity  Nb  or  Ta  can  be  freed  of  most  of  its  cootamlnantB 
by  heating  to  red  heat  in  a vacuum.  Both  Nb  and  Ta  have  very  high 
melting  points,  and  thus  the  contaminants  can  simply  be  evaporated. 
In  this  procedure,  the  metal  powder,  pressed  into  oblong  rods  and 
clamped  between  water-cooled  molybdenum  jaws,  is  resistance- 
heated  with  a high  current,  or  the  loose  or  compreaaed  metal 
powder  is  heated  to  red  heat  on  a support  of  ^ sheoL 

placed  in  a tungsten  electrical  heating  element.  The  best  type  of 
beater  is  the  furnance  shown  in  Part  I,  p.  4C  f.,  wherein  a tungsten 
tube  or  a tungsten  trough  is  used  as  the  heat  coi^uctor.  Hlgh- 
frequeney  induction  heating  also  be  used,  in  ^ 
high  vacuum  of  at  least  10"®  mm.  is  of  controUl^ 
if  the  Durlfioatlon  la  to  be  efficient.  The  material  is  first  de- 
gassed b^pSSSng  it  for  about  I hour 
ture  is  then  slowly  Increased 

for  some  time  [ cme  to  several  hours).  If  ti^t  ^ 

too  qulowy  or  if  the  vacuum  is  go^. 

achieved:  in  addition,  in  ***®  (fennatfon  of  ft  OUtecUe 

desirable  melting,  among  things  (formation  of  a ewecue 

betweea  metal  and  Impurltiee)* 


)«»4 
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CRVSTAL-GROmNG  lOH  VAPOH-WF-POSn'10N)  PttOCF_SS 


■kkpK.n»ritv  Mb  or  Ta  can  be  obtained  by  deposition  on  an  In- 
from  NbCl.  and  TaCl^,  either  In  the 

orSe  absence  of  hydrogen.  This  crystal-growing 
Socoss  oori^spoads  closely  to  that  described  for  titanium  on 
rTiirif  Darti^arly  as  far  as  the  apparatus  is  concerned.  Since 
i «adUy  form  brittle  alloys . a tungsten 

n^eatluF  (substratum)  wire  cannot  be  used  in  this  case;  instead, 
ane  uses  an  approximately  $ wire  of  the  metal  to  be 

deaosited  In  addition,  Nl  (and  not  W)  terminals  are  used,  and 
thrsystem  Is  degassed  by  heating  to  red  heat  In  vacuum  before 
the  start  of  the  run.  The  chloride  (NbCU  or  TaClg)  is  introduced 
into  the  side  tube  and  vacmun-subllmed  in  situ;  the  entire  reactor 
system  is  heated  and  thoroughly  degassed  prior  to  sublimation, 
because  the  absence  of  gas  is  essential  to  the  quality  of  the 
deposited  metals.  The  reactor  remains  connected  to  the  Tacuum 
pump  throughout  the  entire  process.  Vapor  deposition  takes  place 
by  heating  the  chiorlde  and  the  entire  vessel  to  about  100*C;  the 
substratum  Wire  is  heated  to  1800"C  in  the  case  of  Nb,  and  to 
2000°C  in  the  case  of  Ta,  The  deposited  metals  are  of  very  high 


purity. 

The  thickness  of  the  incandescent  wire  changes  continuously 
during  the  reaction,  so  that  careful  supervision  of  the  process  and 
good  electrical  control  are  imperative.  This  disadvantage  Is  cir- 
cumvented in  Bolsten's  modification  of  the  process,  whereby  the 
vcUtile  iodide  of  the  metal  Is  decomposed  at  750- 1100 “C  in  an 
Indirectly  heated  fused  quarts  (or  Vycor)  tube. 

AHermU  methods;  a)  Reaction  of  the  chlorides  with  Mg  [J. 
Prieto,  A.  J.  Shaler  and  J,  Wulff,  Metals  Teohnol.  14,  No,  6 
(1947)1. 

b)  Reduction  of  the  oxides  with  Si  while  volatilizing  the 
nascent  SIO  [E.  Zlntl  et  al.,  Z,  anorg.  allg,  Chem.  345.  1 (1940)]. 


IV.  COMMINUTION  OF  THE  SOLID  METAL 


Commercially  available  solid  Nb  and  Ta  (sheet,  wire,  etc.)  are 
usually  far  purer  than  the  powdered  material.  When  metal  powder 
of  very  highest  purity  is  required  for  the  preparation  of  a Nb  or 
Ta  Compound,  solid  waste  pieces  may  be  used  to  advantage.  They 
are  pulverized  by  hydrogenation  at  500-600 “C  (see  hydrides) 
and  cooling  under  Hg.  The  resultli^  hydrides  are  very  brittle  and 
are  readily  {Mlverlzed  to  the  desired  size.  The  powder  thus  ob- 
tatoed  is  then  dehydrogenated  at  1000“C  in  an  extremely  high 
vadnm.  The  decrease  In  purity  occurring  during  these  operations 
toeegtigtbly  eiiiall  provide  very  pure  the  pulverization 

of  tbB  hydrIdeB  Is  carried  out  in  an  inert  gas  atmosphere,  and  the 
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heat^  ^ degassing  ol  the  material  is  always  oarrtsd  out  so 
slowly  that  no  appreciably  loss  of  vacuum  occurs  In  the  system 
(which  IS  permanently  connected  to  a vacuum  pump), 

PHOPEBTIES^ 

Nb:  Atomic  weight  92.91,  M.p.  2468*C;  d S.5B. 

Te;  Atomic  weight  180,95,  M.p.  aosO’Cj  d 16.6. 

These  two  met^s  are  act  attacked  by  mineral  acids  (with  the 
exception  of  hydrofluoric);  they  are  readily  soluble  In  a mixture  of 
concentrated  hydrofluoric  and  nitric  acids.  Crystal  structure* 
A 2 <W)  type. 

REFERENCES; 

General;  A.  E.  van  Arkel,  Reiae  Metalle  [Pure  Metals],  Berlin, 
1939;  H,  Funk.  Die  Darstellung  der  Metalle  In  Laboratorium 
ILataoratory  Preparation  of  Metals],  Stuttgart,  1938:  Wlmaas 
Enzyklopadle  d.  tech,  Chemle  [UUmau’s  Encyclopedia  of 
Industrial  Chemistry],  Munlch-Berlin,  19SQ,  Niobium,  p. 
736  ff.;  Q.  L.  Miller.  Tantalum  and  Niobium,  London,  1959. 

I,  K,  R,  Krlshnaswami,  J,  Chem.  Soc.  (London)  1930.  1277;  W, 
Kroll.  Z.  ano3Tg.  allg,  Chem.  2^,  42  (1937);  J.  W.  Maiden,  and 
M,  N,  Rich,  U.  S,  Patent  1,728,941  (1927/29);  G.  Brauer.  Xto» 
published  experiments,  Darmstadt,  1942;  W,  E.  Dennis  and 
A,  F.  Adanoson.  D.K.A,E,A,  Techn.  Note  No.  92  (1954);  £.  F. 
Block.  U.S,  Bureau  of  Mines,  paper  given  at  the  Aohema 
meeting,  Frankfurt,  1956. 

II,  H,  Biickle.  Z,  Metallkunde  37  (Metallforachg.  1),  53  (1946); 
R.  H.  Myers,  Metallurgia  (Manchester)  38,  307  (1943);  Sym- 
posium on  the  Metallurgy  of  Niobium,  J,  Inst-  Metals  86 
(1956-57);  B.  W,  Gonser  and  E.  M.  Sherwood,  The  Technology 
of  Columbium,  New  York-Jjondon,  1958. 

III,  w,  G-  Burgers  and  J.  C.  M.  Basalt.  Z,  anorg.  allg.  Chem. 
216  223  (1934):  see  also  the  literature  cited  In  section  ctt  Ti, 
i^hod  V;  R,  F.  Holsten.  Trans,  A.I.M.E.  21S.  472(1959); 
J.  Electrochem.  Soc.  106.  976  (1969);  Z.  anorg.  allg.  Chem. 
305.  25  (I960). 


Vonodium,  Nsofaiura  and  Tuntdlwm  Hydrides 

After  thorou&h  degassing  at  red  beat  in  vacuum,  the  m^als  are 
heated  in  an  ^^sphereofextremelypureH,.  The  rate  ^ 
absorption  depends  strongly  on  the 

metal  purliy  and  the  pretreatment  method.  Abow  m C,  even 
soUd  Nb  and  Ta  (sheet,  wire,  etc.)  react 

the  reaction  Increases  with  the  metal  purity  and  Is  paitfcHla^i# 


BRAUCR 


kheh  tt  the  wet«l  history  includes  a previous  hydrogenation  and 
dSdroKenatlon.  In  that  case,  hydrogen  ts  sometimes  absorbed 
even  M room  temperature.  Boti  the  NbH  and  the  TaH  systems 
may  exist  In  two  stable  phases;  the  transitions  from  one  to 
an^r,  however,  are  not  clearly  reflected  in  the  isotherms  and 
Isobars  of  the  Ha  equilibrium  pressure.  Hence,  depending  on  the 
temperature  and  equilibrium  H,  pressure,  the  hydrogenated  mate- 
rtal  may  contain  hydrogen  in  all  ratios  up  to  the  limiting  composi- 
tion, which  is  approximately  Hbilo.  93  and  TaHQ.3  ^corresponding  to 
U2  mL  of  Ha/g.  of  Nb  and  56  ml.  of  Ha/g.  of  Ta.  One  gram  of  V 
absorbs  a maximum  of  205  ml,  of  Hg,  corresponding  to  the 
timiting  formula  VHo,  94  ‘ 

The  deulerides  of  Nb  and  Ta  are  analogous  to  the  hydrides 
prepared  under  the  same  conditions. 

PROPESTIES; 

Lustrous  metallic  or  metallic  gray  appearance,  much  like  that 
of  the  free  metals.  The  lower  hydrides  (up  to  approximately 
are  quite  hard  but  are  stlU  ductile,  increasing  in  brittleness  with 
increasing  H content  and  becoming  extremely  brittle  at  high 
hydrogel  ratios.  The  hydrogen  can  be  removed  In  a high  vacuum  at 
temperatures  exceeding  400‘C,  and  rapidly  between  800  andlOOO''C. 

jEErrsrxcEs. 

General:  D.  P.  Smith.  Hydrogen  in  Metals,  Chicago,  1848, 

V-H;  L,  Kirschfeld  and  A.  Sieverts,  2.  Hlektrochem.  123 
(1930);  H,  Huber,  L.  Klrschfeld  and  A.  Sieverts.  Ber,  dtsoh. 
chem.  Gas.  2891  (1926);  M,  J,  Traeciak,  D.  F.  DHth^ 
and  M.  W,  Mallett.  Batelle  Mem,  Inst,  Rep,  1112  (1956), 
Kb-H:  A,  Sieverts  and  H.  Moritz,  Z.  anorg.  allg.  Chem.  2^,  124 
(1941);  W,  M.  Albrecht,  M.  W.  Mallett  and  W.  D,  Goode. 
jr,  Electroahem,  Soc.  219  (195S);  981  (1958); 

s.  Komiativy.  J.  Lees  Common  Metals  2,  466  (I960), 

Ta-H;  A,  Sieverts  and  H,  Briinlng.  %.  phys.  Chem,  (A)  174,  365 
(1935);  A.  Sieverts  and  E,  Bergner,  Ber,  dtsoh.  chem,  Ges, 
U.  2394  (1811). 

Niobium  [|1]  Chloride 
NbCt, 

Nb  -r  2NbCIj  = SNbCl, 

^9  3&9-8  4eiJi 

..  ,S^hiometrlc  quantities  of  Nb  metal  powder  and  NbCl®  are 
we*^eo  imder  anhydrous  conditions,  triturated  and  placed  in  a 
which  is  closed  at  one  end.  Constrlotlons  b and  d 
then  made  in  the  end  of  the  tube  and  It  is  connsoted 
10  s Ui^vaciium  source,  (it  should  be  remembered  In  calculating 
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the  amo^t  of  NbCl3  that  this  couapouxud  6xhll>HB  ft 

phase  width  and  can,  therefore*  be  of  varying  composltlOlL  The 

use  of  KbCls,^?  lE  particularly  convetileiit,) 

To  degas  the  contents,  the  reactor  is  heated  fOrr  12  hours  Id 
high  vacmttn  at  200®C  and  is  then  melt-sealed  at  constriction  4I* 
The  reaction  is  completed  by  heating  the  entire  tube  at  BOO*C  for 
two  to  three  days.  The  tube  is  then  chilled  in  water  and  the  fairly 
volatile  by-products  (NbCls,  ISTbOClg)  are  distilled  forward  Into 
tube  section  c by  establishing  a aOO/ao'^C  temperature  gradient. 
The  NbCU  remains  in  a. 


^ ^ - 

^ A f a ncuum 

Fig.  305^  Preparation  of  niobium  (TI)  chloride.  The 
quartz  reactor  Is  6 mm*  LD*  Length:  a = 50  mm,,  c - 

20  mm. 


PHor£:RTiE:s^ 

Formiila  weight  163^82.  Black-brown  crystals.  Stable  la  air* 
insoluble  in  H5O  and  organic  solvents*  When  heated  In  an  evacuated 
tube,  the  NbGla  decomposes  at  a temperature  gradient  of  800/G5Q*C 
via  the  equilibrium  reaction;  4 NbCl^  = Nb  + 3 NbClgnA'^;  at  a tem- 
perature gradient  greater  than  BG0/20*C|  the  reaction  la:  2 NbCla  ^ 
^^b  + NbClv  Heating  In  air  produces  NbOCU  and  NbgOs* 

REFE^lENOESr 

H*  Schafer  and  K.  D.  Dohmann-  Z,  anorg.  allg,  Chem.  300*  1 (1959); 
H.  Schafer  and  F,  Kahlenberg,  Z-  anorg*  allg*  Chem,  305,  291 
[1900). 


Niobium  (ill)  Chlofide 
NbCl, 

L Nbdi  H-  Hi  ^ NbCis  T 2HCI 

270.2  22.4  i.  1W.3 


High  purtty,  o«ygen-free  hydtog^iK  la  P^ed  thrtrt^h  a veee^ 
coBtSihJlScU^ated  to  150-I90-O  Tto 
passes  though  ft  Pyre* 

solid  oreclnltate  of  gieen-blacSc  NbClg  depostta  on  the 

t,  Mo'o) 

which  Is  low  in  chlorine  (NbCla,  ai*)* 


taM 


Brabakox  tod  Young  prepared  NtoCU  from  Nb  metal  and  CI^  ia 
tbe  TTr*"*'«  shown  in  Fig.  310|  they  then  allowed  it  to  sublime  la 
an  Ha  stream  through  conatilotion  c into  the  right-hand  tube,  which 
ms  to  600*C  and  equipped  with  a cold  finger.  The  NbCl^ 

both  as  a dark  cruet  on  the  tube  wall  and  as  a cone- 
deposit  on  the  cold  finger.  The  pi-oduct  may  be  pyrophoric 
prepared  by  this  procedure;  it  should,  therefore,  be  handled 
miy  under  a protective  blanket. 

j|  3 NbCij  "t"  2 Nb  ~ 5 NbCU 

StO-6  ISSJi  1108-4 

pigh-aorface  Nb  metal  {e.g.,  foU)  and  a slight  excess  of  NbClg 
are  placed  in  an  evacuated  reactor  tube  which  ia  then  sealed.  (The 
NbCls  can  be  prepared  in  the  reactor  itself  before  introducing  the 
Nb  metaJ;  this  can  be  accomplished  by  reacting  weighed  amounts  ocf 
Nb^Qssnd  CCl*— see  preparation  of  NbCle,  method  III.)  The  sealed 
horlsoiital  reactor  is  heated  for  three  days  in  a temperature 
gradient  such  that  the  end  of  the  tube  containing  Nb  Is  at  390"C, 
while  the  remainder  of  the  tube  is  at  355 ‘’C,  The  contents  are  thus 
converted  to  NbCls,  which,  as  a result  of  the  reversible  equilibrium 
KbCla  (solid)  4.  NbCls  (gto)  ==  3NbCl4,  (gas),  is  transported  into  the 
3S5"C  *one  where  it  deposits  as  crystals.  It  can  then  be  resubiimed 
by  reveralng  the  teinperature  gradient.  At  the  end  of  the  procedure, 
only  the  part  of  the  tube  containing  the  NbCls  is  heated  for  a few 
minutes  to  390‘'C  while  keeping  the  other  end  at  2D‘'C,  thus  driving 
the  NbCls  to  the  cold  end.  The  tube  is  allowed  to  cool  and  is  then 
opened  under  anhydrous  conditions. 

The  partial  pressure  of  NbClg  and,  hence,  the  conqioaltion  of 
the  NbCla  phase  can  be  varied  in  this  ^nthesls  by  varying  the  ratio 
of  the  NbCl$  to  the  volume  of  the  sealed  tube  (saturation  pressure 
of  NbCU  at  3S5“C  is  8 atm.). 

3 NbCls  + 3A1  - 3NbCis  + 2AlClj 
S10.8  53,9  SS(7,S  S60.7 

Sublimed  NbClg  is  heated  with  a less  than  stoichiometric 
of  Al  powder  in  an  evacuated,  sealed  tubular  reactor.  For 
eatamjjle,  l*a  g,  of  NbClg  aiid  0,08  g*  of  Al  may  be  used.  The  entire 
length  of  the  tube  is  heated  to  275*C  for  about  40  hours*  It  ia  then 
placed  iu  a temperature  gradient,  with  the  main  section  encased  In 
m ahimiiffTm  block  at  300®C  and  the  protruding  end  at  toom 
temperature*  The  partially  formed  NbCl4  decomposes  into  NbCls 
™ KfcCls.  the  excess  NbCl^  and  AlClg  sublime  into  the  tube  end, 
greett-blaok  NbClg  remains  in  the  main  (lower)  section 
«_«e  tiibe.  It  is  recovered  by  opening  the  tube;  ng  special  pre** 
toWlons  agaust  air  are  needed.  The  product  of  this  process  usually 
oMt^  a smaU  amount  of  AI3O3  (about  0.7%)  which  is  iatrod»ioed 
•no  the  Al  powder. 
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Alternate  methods;  a)  Beductlon  <rf  MbCls  with  actlvat«d 
(cjccitatio^  H,  at  a00”C  tV.  Qutmann  and  B.  TannmibeiKM'^ 
Monatali-  Chem.  8T,  769  (1956)3. 

b]  Preparation  from  Nb  metal  In  an  HCl  Btream  ^ 300*C.  A 
mixture  of  KbClg  and  NbClg  Is  obtained  [V.  Y.  S^JitfiFrn  andR  A, 
pteobrazbenskiy,  Ziu  Otshch.  Khimii  10,  785  (1940);  C.  H.  Bru- 
baker and  R.  C,  Young  (1951)1. 


PR0PERTIE5: 

Green-black;  crystallizes  In  oruBts.  rods,  or  plates.  Under 
auffioiently  high  NbClg  pressure  and  in  the  absence  of  air,  NbCl, 
is  stable  at  800"C.  It  diaproportlonatea  to  NbCl,  and  Nb  in  a 
temperature  gradient.  Only  slightly  air ^ aenBittve  at  room  tempera- 
ture.  Insoluble  in  H^O,  dilute  acids  and  dilute  alkali.  Attacked  by 
oxidizing  agents  at  varying  rates  dependli^  on  the  concentration 
and  the  temperature.  Insoluble  in  arganic  solTents.erenln  ethanol. 

Exhibits  a rather  wide  homogeneity  region  (between  KbCla.i, 
and  NbCla.„),  d 3.75. 

HEfZklENCES: 

I.  P.  Sue.  Boll.  Soc.  ChlnL  France  [5]  6,  630  (1939);  H.  Sota^fer 
and  C.  pletruck.  Z.  anorg.  allg.  Chem.  3^,  151  (1951);  G.  B. 
Brubaker  and  R,  C.  Young.  J.  Amer,  Chem.  Soc,  4179 
(1951);  H.  Schafer  and  K.  D.  Dchmann  (1959). 

II.  H.  Schafer  and  K.  D.  Dohmann,  Z.  anorg.  allg.  Chem.  800, 
1 (1959). 

III.  H.  Schafer.  G,  Qoaer  and  L,  Bayer.  Z,  anerg.  allg.  Chenu 
265.  258  (1951). 


Niobium  (IV)  Chterida 
NbO. 


Prepared  by  reduction  of  NbCig* 


I. 


SMbCU  + Fe  = 

54Q.4  5SJ9 


2NbCb  + 5‘eCl* 


The  fST  m* 

sectiona  Ijv  a OonfltriOtiOHB  ^ m ^ ^ 

^ g.)  is  intr^uced  isoSn  od 

tube  via  its  still  open  end  b to  nw  appatavu®  tumtiura 

NbCU  (Fig.  309). 

or  reduced  iron)  is  placed  in  seoaon  !,««= 


tarn 


a.  eRAUER 


milHl  vRCUUnft  ts  fippllstJj  snd  the  tube  Is  se&led  at  the  point, 
Tte  Vorliocitsi  sealed  tube  Is  encased  in  two  closely  spaced 
blocKs  which  are  electrlcaUy  heated  to  two  different 
teDiDeratures.  The  section  containing  NtaCU  is  heated  to  195  *c, 
ud^t  with  Fe  to  400 "C.  The  reaction  time  is  at  least  40 
booze  The  gaseous  NhClg  reduced  and  NbCU  separates  as 
well-formed  crystals  in  a transition  region  between  the  two  tem- 
perature rones.  The  FeCl^  (which  at  400*C  is  still  not  veiy 
volatile)  and  unreacted  NbClg  are  found  tn  the  other  sections  of  the 
tube. 


Fig.  306.  Preparation  of  niobium  (IV)  chloride. 

To  prevent  scattering  of  the  reaction  products  liy  a rapid  influx 
of  gas  (dry  air,  CO^  or  N^)  while  opening  the  evacuated  tube, 
the  tip  of  the  tube  should  be  scratched,  placed  in  a slightly  larger 
vacuum  hose,  and  broken  off  under  vacuum.  The  tube  may  then 
be  gradually  filled  with  gaa  throt^h  the  vacuum  hose.  To  isolate 
the  HbCU,  the  tube  is  then  broken  at  an  appropriate  spot. 

n.  The  NbClg  can  also  be  reduced  with  Nb  metal. 

4NbCls  + Nb  = 5NbCh 
losas  92.9  1173,7 

Thus,  NbCl^  and  an  excess  of  Nb  metal  are  sealed  into  a tube 
described  lu  method  1 and  heated  in  the  same  temperature  gradient; 
the  reaction  Is  complete  in  alx>ut  16  hours. 

Alternate  methods:  a)  Heductlon  of  NbClg  with  A1  metal;  re- 
quires a subaequent  distillation  of  excess  NbClg  and  AICI3. 

b)  Beduction.  of  NbClg  with  at  2 atm.  (generated  when  the 
nw  is  filled  M STP,  sealed  and  then  heated).  The  reaction  doss 
aot  go  to  completion  and  NbClp  and  NbCl*  must  be  separated  by 
Sdliliiiiatlon. 

j NbClg  and  NbClss  as  in  most  methods,  an  excess 

Of  nDClg  ie  usually  required  to  depress  the  decoinposltion  of  NbCl*. 

FSOFEBTIES; 

- crystal  needles;  pure  brown  In  transmitted  light. 

mnmsdOe  at  alxRtt  276^c,  provided  decomposition  Into  NbOl®  and- 
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KbCl  j is  pTerenited  by  a sufficiently  high  NbCl^  pnBsuie.  Deoevi* 
ppses  oa  expoeiue  to  air  and  Aiotsttire  (color  change  first  to 
then  to  white).  Dissolvee  in  a small  amount  ol  HaO  and lo dthito 
hydrochloric  acid,  giving  a daxk-bhie  solution. 

R£F-E!)£KC£5: 

H.  Sch^er,  C.  Goser  and  1,,  Bayer.  Z,  anorg.  allg.  Cbem. 

258  (1951);  data  from  the  Chemical  Laboratory  of  the  tlht^ 
vereity,  Freiburg  1.  Br.,  1952;  H.  Schafer,  L.  Bayer  and 
H.  Lehmann.  Z,  anorg.  allg.  Chem.  269  (1952), 


Tontolvm  (IV)  Chloride 
TaCU 

L 4Taa,  + Ta  = 5TaCh 

1133-0  181-0  1814-0 

A quartz  reactor  tube  with  a narrow  hooked  constriction,  shown 
in  Fig.  307  (1),  is  thoroughly  degassed  by  heating  In  a hi^  vacuum; 
then,  4 g.  of  Ta  metal  (preferably  foil)  and  10-15  g,  of  TaClj  ate 
introduced  into  the  tube  on  opposite  sides  of  the  constxiotion,  and 
the  tube  is  sealed  under  high  vacuum.  It  is  then  heated  In  a slanted 
position  in  a temperature  gradient  so  that  the  liquid  TaCl0  (In  the 
higher  end  of  the  tube)  Is  at  280 and  the  Ta  at  d30*C.  The  nase^ 


Fig.  307.  Preparation  of  tantalum  (IV)  ohlo- 
ride,  h)  aluminum  foil; y)TaClB. 

TaCl*  deposits  In  the  280*  aone  (large  oiystaiaj  hut  is  66p^|| 

from  theTaClg.  A six-day  run  yields  6- 10  g.;  there  is  also 

of  starting  materials.  Before  opening  ttia  tube,  the 

reactor  is  cooled,  and  the  seotlcm  containing  TaCl<  la  rehea^ 

to  200“C  to  separate  ^ttIly  admixed  TaCis  by  sublimation. 

ing  of  the  tube  and  handling  of  TaCl*  should  be  carried  out  ; 

absence  of  moisture, 


C.  braucn 


It  STuCli  + Al  ~ 3ToClt  + AJClj 

10T4.T  27,(J  !>08,3  133-4 

Tte  rMCtlon  is  carried  out  in  a sealed  reactor  tube  (Fig.  307.  H) 
Ib  a aigK  vacuum.  Alumioum  foil  (for  example,  50  mg.)  Is  Ititro- 
h.  while  TaClj  (4-5  g.)  In  an  ampoule  is  at  /;  both  are 
introduced  uodor  auhj^drous  couditloiis.  The  TaCi^  is  made  tc 
YiiMlnv*  (In  Mgh  vacuum)  toward  tube  section  d,  and  the  tube  Is 
sealed  off  at  constrictions  « and  e.  The  sealed  tube  Is  heated  for 
TO  hours  in  a temperature  gradient  (see  Fig,  305)  such  that  b is 
at  400“C  and  the  remainder  of  the  tube  at  200”C.  The  TaCl^  de- 
posits at  c as  large  oryatals.  The  tube  ia  allowed  to  cool  and  only 
s^loo  t Is  reheated  to  200"C  to  remove  any  TaClg  present  in  it, 

m.  TaCb  + H = TaCi,  HQ 

358.2  332-S 

Whereas  TaClg  reacts  with  molecular  only  at  temperatures 
exceeding  5(>0“C  (to  form  Ta  metal),  the  reduction  of  TaCU  with 
Ha  activated  by  a high-freqiiency  electrical  discharge  can  be 
carried  out  at  200 *C,  The  apparatus  is  the  same  as  that  for  the 
preparation  of  TaBr4  (Fig.  311)  and  the  process  is  the  same  in  all 
its  details.  A twO"hour  run  completely  reduces  1 g.  of  TaClg. 

PROPERTIES: 

Brown-black  crystals.  Moisture- sensitive;  decomposes  with 
oxidation  on  exposure  to  air.  On  heatii^  in  vacuum,  disproportioti- 
ates  to  TaClg  and  a lower  chloride;  on  heating  in  air  forms  Ta^s 
and  volatile  TaCle.  Partly  soluble  in  and  dilute  acids,  ideld- 
ing  coffee-brown  solutions;  an  insoluble  dark  material  is  also 
formed. 


REFERENCES: 

I.  B.  Schafer  aiid  F.  Kahlenberg.  Z.  axiorg,  alJe*  Chem*  305, 
178  U960).  e ^ ™ 

n.  H.  Seller  and  L.  Grau.  Z.  anorg,  allg.  Chem.  275, 198  (1954). 
ni.  V.  Gutmann  and  H.  Taimeaberger,  Monatsh.  Chem.  87,  769 
(1957).  ^ “ 


Nrobium  |V}  ond  Toniolum  (V|  Chlorides 
NbClnTaCI, 

tanx 

^ Nb  -f  */iGl,  = NbCl* 

L 2^0.2 

either  a-e  a powder  or  as  a solid,  can  be  readily 
Stream-  Th©  reaction  is  best  carried  out  in  # 
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tixh^  similar  to  tliat  shown  in  Fig.  312  tpreparatlon  <rf  NbBr,); 
ever,  the  saturation  tube  la  replaced  by  a T fiifrtrijgftt 

which  the  sealed  tube  can  be  evacuated  or  dry  or  CI3  Introduced* 
The  end  arrangement  of  the  apparatus  varies  dependU^f  <rit  the 
expected  amount  of  NbCl^.  Air  must  be  carefully  displaced  lay 
evacuation  or  purging  with  The  reaction  with  CUstsrtcst 
125^24t5"’C:  at  240®O,  It  takes  only  a few  fours  regardless  of  the 
Nb  particle  size*  The  absorption  of  Cl  5 Is  usually  quite  rapW* 
The  NbCls  procluct  Is  taken  out  under  anhydrous  conditions  end 
resublimcd  in  an  appropriate  manner  (the  apparatus  of  Fig.  308 
can  be  used). 

II-  NbaOf  -h  SSOClt  = 2Nba*  + 5 SO, 

5fl3-B  S94.9  540,4  320.3 


A common^  carefully  dried  bomb  tube  Is  charged  with  2,7  g*  of 
NbaO^  and  10  ml*  of  SOCl^*  Care  should  be  taken  In  the  preparation 
of  Nb^pg  (from  precipitated  hydrated  oxide)  not  to  exceed  400"C* 
since  excessively  calcined  oxide  is  inactive  and  reacts  incompletely* 

Thus,  if  the  oxide  is  excessively 


calcined,  it  is  fused  wlthKHSO^tibe 
melt  hydrolyzed,  the  hydrated  oxide 
precipitated  with  ammonia  and  thrai 
dried  for  a loi^  time  at  about  400^« 
Before  use*  the  SOCL^  is  purified  by 
first  refluxing  it  for  4 hours  tn  the 
presence  of  S and  then  fractionally 
distilling  it  in  a column  [D.  L.= 
Cottlet,  J.  Amer*  Chem*  Soc. 

1380  (1946)3, 

The  filled  and  sealed  tub©  is 
heated  fbr  3 hourn  at  200^0,  On 
slow  coollngp  NbClg  crystallizes  In 
needles^  The  tube  Is  cooled  to 


— 10*G,  opened*  and  the  SOg 


Fig^  303b  Ee sublimation  of  charged  heating  to  room 

niobium  and  tantalum  pen-  perature;  the  ecxcesa  SOCl^  Is 
tahalides  under  anhydrous  moved  by  further  slight  heating  ito 
conditions-  vacuum*  To  achieve  this,  as  weji^; 

for  the  feirther  handling  of 'KbCJiisf 
the  apparatus  shown  in  Fig.  309  is  attached  to  the  opetthomtes 
Because  of  the  high  sensitivity  to  moljjtureorfalbitedl:^  Nheie,^ibfig 
absolutely  necessaiy  to  equip  the  apparatus  with  devicesr^wtite» 
permit  handling  of  the  product  in  such  a way  that  even  traces  qS 
moisture  will  be  ^eluded.  The  NbCl^  remaining  at  o Is 
moved  to  i by  subliming  it  under  vacuumi  it  is  then  transferred!^ 
g (under  nitrogen)  for  further  handlingi.  This  Is 
removing  the  ground  oap  c*  stretching  a thin  perforated 


BftAU^R 


tulw  and  introducing  through  this  oap  a small  spatula 
Witt  iTlow  SSle.  Tube  p of  Fig.  309  Is  used  for  storing  the 
»S«ti  tt  is  Closed  at  / with  e ground  gl^s  stopper  and  ^rnute 
JSSl  removal  of  the  chloride.  Protection  from  moisture  is 
N which  is  introduced  through  h.  NaturaUy,  other 

•B^pQule  \idilch  is  sealed  off. 


If 

mj 


vseuion 

r/^Osf 


Fig.  309.  Purifioatlou by  sublima- 
tion and  filling  of  a vessel  with 
niobium  (V)  chloride.  u,h)bomb 
hd:e^  c,d ) openings  for  Introducing 
spatulas  and  long-handle  hooks; 
g) storage  vessel. 

ni.  The  oxide  can  also  be  chlorinated  with  CCI4  in  a similar 
fashion: 


NbtOj  + sea,  = 2NbCh  + SCOCi, 

265-8  1365,2  5^0-4  494,6 

In  this  method  (which  was  originally  developed  for  analytical 
purposes)  1 g,  of  oxide  and  4 ml.  of  CCI4  are  heated  for  5-10 
bpuTB  ai  27Q'-300^C  in  a sealed  tube,  it  is  not  absolutely  necessary 
to  remove  the  air  from  the  tube  before  the  reaction.  After  openii^ 
the  tube,  which  should  be  done  with  the  usual  precai^ions,  the 
reactants  are  distilled  off.  The  nbClj  is  resufalimed  under  vacuum 
and  isolated  as  described  In  method  U,  Because  of  the  high 
pressures  developed  in  the  sealed  tube,  this  method  Is  limited  to 
small  quantities  of  reactants  [E-  R.  Epperson  et  al„  Inorg. 
^nittiesee  7,  163  (1933)]. 

Attemate  methods: 

NbjO,  + SC  -r  loci,  - awbClj  T SCOCl, 

Is  tills  very  old  method,  the  oxide  is  mJjted  with  purified  sugar 
to  a li4  molar  ratio.  The  grantQar  mixture  is  placed. 
CwflkMt  a boat)  in  a tube  of  high— melting  (Pyrex  or  Vyoor)  glass* 
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I90» 


Beyond  the  mbctuTe  (in  the  dkieotion  of  gfis  flow)  theze  is  a faJxl^ 
long  bed  of  pure  charooal.  Before  atartln^  the  cblorioatloa,  btrtti 
layers  are  dehydrated  by  heating  to  600*C  la  a stream  of  Tezy 
pure  Nj.  Very  pure,  Og-free  Cl  a ie  then  passed  through  'While 
heating  the  mixture  to  280~350°C  and  the  adjacent  charcoal 
to  750*C.  The  NbClg  receiver  is  isealed  directly  o>ato  the  reactor 
via  a constriction.  During  the  reaction  (3  hours  for  8 g.  of 
and.  32  g.  of  C)  the  constriction  must  be  checked  to  make  sure  that 
(t  does  not  become  plugged  with  NbClg,  The  formation,  of  the  by-- 
product  NbOClj,  which  is  usually  difficult  to  avoid  la  this  reaction, 
is  almost  completely  prevented  under  these  conditions.  In  spite  of 
this,  separation  of  the  NbCl^  from  the  NbOCl^by  careful  fractional 
sublimation  is  recommended.  [P,  Siie,  Bull.  Soc.  Chim.  France  [5l 
6 , 830  (1939);  R,  F,  Rolsten,  J.  Amer,  Chem.  Soc.  §0,  2952  (1958)1. 

Nb,Oj  + 5CCl/^!^^3NbCI,  + 500a, 

A chlorine  stream  containing  CCU vapor  (the  streamis  saturated 
by  bubbling  through  a OCl4-‘Contalnlng  wash  bottle)  is  reacted  with 
the  oxide  held  In  a boat  which  is  inserted  into  a tube  of  high-melting 
glass  or,  better,  a quarts  tube.  The  reaction  temperature  is  30Q- 
400'C.  Quite  often,  NbOClg  is  also  formed  as  atay-produot 
[Gmelin-Kraut,  Handbuch  anorg.  Chem.  (Handbook  of  Inorganic 
Chemistry],  7th  ed.,  Vol,  IV/ 1,  Heidelberg,  1928,  p.  2361. 

VI.  N'!?S,  + V,CJ,  = NbCJ,  + S,C!t 

[O.  Rijnlgschmid  and  K.  Wlntersbetger,  Z.  anorg,  ailg.  Chem, 
219.  161  (1934),] 

PROPSaTirS: 

Yellow,  granular  to  needle-shaped  crystals;  dark-red  when 
Contaminated  with  1 tnole%  of  WClg,  M.p>  204.5'C,  b.p. 
d 2. 7B.  The  melt  is  orange. 

Extremely  sensitive  to  moisture,  which  rapidly  oonverts  it  to 
the  white  NbOClg  and  then  to  NbaOa  • xH^;  hence  it  cannot M 
hflndled  in  air  without  marked  decomposition.  Heacts  vlgororts^ 
with  water  (dec.);  dissolves  without  decomposition  in  efhaiM^ 
ether  and,  by  an  unknown  mechanism,  also  in  very  cocoentrsfod 
hydrochloric  and  oxalic  acid  solutions.  ^ i 

TaCli 

1.  Ta  + %CU  ^ TaCl, 

1B1.0  saJ, 

The  preparation  from  the  dements  is  exactly  the  same  asi^ 
wittth"d  1 for  NbCls.  3^a  powder  is  used,  the  reaction  stiwlh^ai 

170*C  and  Is  con®>lete  in  a few  hours  at  260*C. 


im 


s,  brauer 


n. 


5SOO*  = STaCL  + 5 SO* 
441  g 5*4.9  320.3 


A mixture  of  of  TaaPs  and  5,5  ml-  of  SOClg  ( threefold 
^fi^sTTSaSd  for  6 hours  lu  a bomb  tube  at  230-240'C.  Tbe 
ttteDaraUoa  of  the  starting  materials  and  the  procedure  are 
«n^  the  same  as  for  NbClg,  method  n.  The  reaction  yields  a 
liouid  solution  of  TaCle  in  SOClg  from  vfhich  SOCI3  is  removed  by 
in  the  apparatus  shown  in  Fig.  309,  while  the  TaClg 

i9  resubllmed. 


UL 


TSfOi 

441.9 


5 ecu  = STaCId  + SCOCIe 

769,3  7H3.S  424.G 


The  teaction  Is  carried  out  exactly  aa  for  NbCU^  method  III* 
tbfi  mixture  being  heated  to  300-33 0*C, 

AUemate  methods;  a)  Methods  IV  and  V for  the  preparation 
of  MbCls  can  be  applied  to  TaCU  in  exactly  the  same  manner- 
Since  (in  contrast  to  NbOCl^)  no  tantalum  oxychloride  is  formed, 
the  products  are  fairly  pure* 

b]  From  Ta  and  HCi  at  about  400"C  [R-  C-  Young  and  C*  H, 
Brubaker,  J*  Amer.  Chem-  Sac,  74,  496T  (1953)J- 

r)  According  to  Chaigueau,  the  reaction  between  Ta^ps  and 
Aids  reported  by  Ruff  and  Thomas  is  nearly  quantitative  when 
the  reactants  are  used  in  the  following  proportions: 

STajOj  + lOAlClj  --  OTaa,  -r  SAljO^ 

1325.7  1313-5  3M9.4  5l>9^ 

Before  Tise,  the  AlCl^  should  be  purified  by  vacuum  sublimation* 
The  reactants  are  sealed  under  vacuum  into  a tube  of  high-melting 
glaae.  After  heathy  for  48  hours  at  400* C,  the  TaCl&  product  can 
be  separated  from  the  A1^3  by  vaeuimi  sublimation  at  200^C-  Ac- 
cording to  Sch^er,  Goser  and  Bayer^  reaction  mixtures  with  a dif- 
ferent composition  (2  Ta^Pe  + 5 AlClg)  yield  AlOCl  an  the  residue* 
Mixtures  of  and  nAlCla  usually  yield  only  mixtures  of 

NtaCl^  and  NbOCl^  [O,  Ruff  and  F-  Thomas,  Z.  anorg-  allg,  Chem* 
1 (1925];  H,  Schafer,  C*  Gbser  and  L-  Ba3rer,  Z-  anorg-  allg- 
Ctemn*  57  (1950);  M-  Chaigneau,  Comptes  Bsndus  Hebd, 

Seaucea  Acad-  Scl.  95?  (1956)], 

t'ROPXIn'lES; 


^t^lorlese  crystalline  needles;  yellow  when  contaminated  by 
jV  _?j^^***  NbCl^  imparts  a definite  yellow  color)  or  tungsten 
«Uoridee,  M,p,  216, 2^C,  b*p,  239*C;  d 3,63.  Very  sensitive  to 
decomposed  by  and  even  by  concentrated  HCljr 
; tttntalic  acid.  Soluble  in  absolute  ethanoi* 
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REFflHEfJCE: 
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Niobium  OxytrichForicle 
NbOCb 

1.  Nfaa,  + '/,o,  = Nbocij  -h  a* 

370,2  11.2  L 1L5.3 

About  2 g.  of  NbCls  is  allowed  to  subUme  fjfom  a side  arm  lalo 
a reactor  tube  which  Is  approximately  20  mm*  LD*  To  promote 
good  distribution  of  the  NbCl^,  the  tube  contains  a small  amount  of 
washed  and  dried  glass  wool,  A slow  stream  of  dry  Oq  (1^2 
liters/hour)  is  passed  through  while  the  tube  which  is  heated  to 
150®C  by  means  of  a tubular  electric  furnace*  About  80%  of  the 
NbCl^  reacts  in  3 hours.  The  remainder  sublimes  unchanged  Into 
the  cold  section  of  the  tube,  from  which  it  la  driven  back  (vacuum) 
and  then  again  treated  with  In  this  manner,  nearly  complete 
conversion  is  achieved;  the  nascent  NbOCla  ie  sublimed  in  an 
stream  at  200^C  to  that  section  of  the  tube  which  le  kept  at  100*C, 
It  deposits  there  as  a dense  crystal  rosette.  The  material  la  dis- 
charged from  the  tube  and  handled  under  completely  anhydroufl 
conditions, 

U.  Prepared  In  a sealed  tube  according  to  the  reaction: 

Nb*Oi  + 3SOCI,  - ^NbOClj  + 3SO, 

205.3  4SC.Q  132.3 

The  reaction  proceeds  exactly  according  to  the  stoichiometry 
shown  by  the  equation.  The  method  used  for  preparing  the  reactants 
te  the  same  as  that  described  for  the  preparation  of  NbCls  (p*  1303)^ 
A recommended  charge  for  a normal  bomb  consists  of  13*3  bf 
NbaOs  (1/20  mole)  and  10*9  mL  of  SOCI3*  prestirred  into  a pasted. 


s,  flItAUER 


I3tt» 


K liuDoxtant  that  the  reactants  be  intimately  mixed  before  they 
" because  otherwise  the  SOCI3  will  react  preferentially 

with  the  outer  part  of  the  oxide  mass  to  form  NbClg,  while  a large 
nbrtkuk  of  the  oxides  will  remain  unreacted.  The  mixture  is 
for  about  fi  hours  at  200"C.  After  cooling,  well^formed 
nrrstals  of  KhOCU  needles)  are  found  in  the  lower  part  of 
the  tube  Purification  sublimation)  and  isolation  of  the  NbOCla 
be* done  carefully:  temperatures  should  be  held  below  350'‘C 
to  prevent  decomposition  into  NbgPs  and  NbCls.  This  operation  Is 
best  carried  out  in  the  apparatus  of  Fig.  309. 


m. 


Nb,0.  + SNbCh  ^ SNbOCl, 

565.8  ai0.fi  107fl,5 


A glass  tube  ts  filled  under  vacuum  with  0,3  g.  of  Nb^g  and 
3 g,  of  NbClg  (a  very  large  excess),  with  the  two  compounds 
plac^  at  opposite  ends  of  the  tube.  The  inclined  tube  is  then  heated 
in  a temperature  gradient  (Nb3pg350°G/llquld  NbClg  210*C).  After 
12  hours,  white  crystalline  needles  of  NtaOClg  deposit  In  the  center 
of  the  tube.  Unreacted  NbClg  is  then  removed  by  heating  the  tube 
in  a 200/20''C  temperature  gradient.  The  NbOClg  is  isolated  under 
a blanket  of  dry,  inert  gas. 

Alternate  methods!  a)  The  NbOCl^  is  often  a by-product  of 
preparative  reactions  for  NbCig  (e.g„  NbaOg  + CCI4,  D.  E,  Sands, 
A.  Zatkln  and  R.  F.  Elson,  Acta  Crystallogr.  21  The 

s^aralion  from  NbClg  can  be  achieved  by  repeated  fractional 
sublimation  under  vacuum  or  in  an  O 3 stream  at  temperatures 
below  SSO’^C. 

b)  The  product  can  also  be  prepared  by  thermal  decomposition 
of  NbClg  etberate  at  90*0.  fF.  Fairbrcther,  A,  H.  Cowley  and 
N.  Scott  11959)1. 


PROPERTIES; 

Colorless,  often  crystallizes  in  very  fine  needles.  Vapor 
pressure:  10  mm.  (234 ^C);  760  mm.  (335 ‘’C).  Dls proportionates 
into  Nb^B  (or  NbaO^Cl)  and  NbClg  above  350"C.  Beat  purified 
by  vacuum  siibltmation  at  200®C.  Very  sensitive  to  moisture; 
decomposed  by  Tetragonal  crystals. 

REEEHENCE; 


L p,  Siie,  Bull.  Soo,  Chim.  France  [5]  6,  830  (1939);  F,  Fair- 
brother,  A,  H.  Cowley  and  N.  Scott,  j7 Less-Common  Metals 
1,206(1969). 

IL  a Hdcht.  a Jander  and  H.  Schlapmam.  Z.  anorg.  Chem. 
^^  260  (1947)-  J,  Wernet.  Z.  anorg.  allg.  Chem.  276,  213 

****  *****  2.  anoEg.  allg.  Chem.  306,  327 
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Niobium  (III)  Bromide 
NbBr, 

NbBrj  H-  H,  = NbBr,  -I-  3HBr 
492.5  22.4  f.  3317  I6l,& 

The  apparatus  of  Fig,  310,  containing  boat  s with  the  nlobtma 
metalt  la  dried  in  a stream  of  ^ery  pure  Ng  at  200^0*  Furnace 
is  then  heated  to  450*C  and  dry  Bfg  vapor  Is  Introduced  in  an  N 9 
stream.  The  nascent  NbBre  condenses  at  a* 


Fig.  310,  Preparation  of  niobium  tlH)  bromide.  ^)faoat 
containing  niobium  metal-  &J  asbestos  wool: 
electric  furnaces. 


After  complete  bromination*  the  bromide  Is  sublimed  In  a pure 
Na  stream  at  2f0^C,  passix^  through  glass  wool  plug  h and  the 
constriction  c into  section  tl  Then,  a stream  of  high-purity 
is  Introduced  and  MbBr^  is  allowed  to  sublime  slowly  Into  tube 
section  kept  at  500°  by  means  of  furnace  It  deposits  on  the 
tube  wall  as  a shiny  black  crust  and  as  a black  cone  on  the  cold 
finger.  The  tube  is  opened  and  the  product  ia  removed  under  a 
protective  Na  blanket.  The  outer  crusts  are  not  air^senaitive  and 
are  Insoluble  in  H^O*  On  the  other  band»  the  cones  deposited  to 
the  inner  part  of  the  apparatus  decompose  rapidly  in  the  presence 
of  moist  air. 


PFOPfinriES;  :■ 

Black,  with  varying  air  sensitivity,  depending  on  preparative 
Goodltions,  Almost  completely  resistant  to  Hrf)  and  dilute  aoldsi 
Decomposed  by  concentrated  and  HNO^*  Inaolublcinoig^id^ 

solvents.  Can  be  sublimed  in  a high  vacuum  (10'*  awn-)  at  afeoBjt 
400^0.  Thermal  decomposition  into  NbBrs  and  Nb  begins  at  SOQi^Qi 
The  TaBr:a  and  the  TaBr^  can  be  obtained  In  the  same  niahneg 
as  hfbBra,  starting  ftom  TaBrs  wad  at  700"C;  howevoiSfitJ^. 
purity  and  the  yield  are  lower  [E*  C*  Young  and  T*  J*  Hastings^ 
J*  Amer*  Cbem*  Soc.  64,  1740  j **  I4 

The  NbBra  can  be  prepared  from  NbBru  and  aotivateojJ®*^ 
200"C;  aee  preparation  of  TaBr*,  p-  laiO  Gutmann 
Tannenberger,  Monatsh*  Chem^.  §7,  7$9  (1956)]*  ; 


G.  BRAU£R 


MRFBKENCE: 

Q.  H.  Bnitoritsr  and  R.  C.  Yowig.  J.  Amer.  Chem.  Soc.  n.  4179 
(1»51K 


Tantalum  pV}  Bromida 
TaBri 

TaBr,  -h  H = TaBfj  -r  HBr 
SS0.5  SOO.fl 

The  horizontal  reaction  tube  of  hlgh-meltliig  glass  (about  a cm, 
I,D.  and  50  cm,  long)  shown  in  Fig*  311  is  heated  in  vacuum*  and  a 
l»at  containiug  TaBrs  Is  introduced  under  anhydrous  conditions* 
High- purity,  dry  is  passed  through  the  tube  at  a rate  of  about 

one  liter  per  hour. 


A 


Fig,  311.  Preparation  of  tantalum  (IV) 
bromide,  a)  boat  containing  TaBr^:  /) 
oold  trap;  ft)  grooved  stopcock  for  fine 
flow  regulation;  ^)  induction  coil; 
w ) vacuum, 

A pressure  of  4-6  mm,  is  maintained  in  the  tube  by  nneans  of 
the  grooved  stopcock  ftp  which  regulates  the  vacuum  u,  A glow 
disc  barge  Is  produced  by  coll  which  consists  of  16  turns  of 
™a-  0,D,)  on  the  outside  of  the  tube;  a hlgh- 
freq^^y  current  of  4000  kilocycles/second  is  applied  to  the  coll* 
which  consunies  about  20  watts*  The  glass  wall  temperature  at  the 
1S0-200*G,  The  tube  section  containing  TaBr^  Is 
slowly  vaporized  and  reacts  with  the  R 3 
activated  in  the  glow  discharge  zone*  The  nascent  TaBr4  is  de- 
poettrt  on  the  tube  wall  lu  this  zone*  Unreacted  TsBr^  ^ which 
on  the  cooler  portions  of  the  tube,  can  be  driven  back 
reaction  zone  and  reduced  by  movlrg  the  induction  coll  to 
Traction  of  0*8  g,  of  TaBre  Is  complete  within 
^ allowed  to  cool  and  the  product  Is  scraped 
«D  tae  tube  wall  under  anhydrous  conditions* 


Z3.  VAHAPIUMf  NIOBIUM^  TANTALUM 


131.1 


PflOPEBTIKS: 

BiBck  powder  with  steel-blue  ttbge«  Slightly  tygroscoplc^ 
Disproportionates  to  TaBts  and  TaBra  at  300*C  under  vaoumxu 
Yields  a brown  solution  and  an  insoluble  residue  with 

HEPEHENCE: 

V,  Gutmann  and  H.Tanneuborger,  Monatah*  Ghem.  S^p  769  1X956). 

Ntobiuiti  (V|  and  Tantalum  (V}  Sromidea 
TaBrf 

I-  Nb  + VtBrj  = NbBr^:  Ta  + V.Bi,  = TaBr^ 

SIO  SWj6  4^5  1^}.Q  M&,6  M&JS 

Pure,  dry  Is  saturated  with  Br^  la  a washing  bottle  or  a 
saturation  tube  ^ (Fig.  312)  j the  gas  mixture  is  then  passed  ovet 
Nb  or  Ta  metal  contained  In  the  horizontal  reactor  tube  t made  ol 
quarts  or  high-melting  glass.  The  metal  may  be  either  powder  or 
solid. 


Fig*  312.  Preparation  of  niobium  (V)  and  ■ - si  ; i; 
tantalum  (V)  bromides,  a)  recelTOr; /)  cold 
finger;  m)boat  containii*  the  metal; o)tubular  - - " ™ 

eleotrle  furnace;  r)  reactor  tube;  saturation  = 

tube*  ■ ■ ■■■ 

' '*  ijj 

First,  tlie  air  is  completely  removed  from  the  reaotoip;.  1 

the  secttofl  of  the  tube  coutainliig  the  mete!  is  heated  by 
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directly  on  the  reactor,  or  by  a tubula^ectric  ^^ace  o. 
M^nowl^la  used,  then  bromide  formation  begins  at  90‘C;  with 
SiUd  5STT  Turts  at  laS^C  and  with  Ta  powder  at  155'C;  it  ig 
£ rf™  l«»r.  - aM-HSO-O.  br„mld, 

SSUs  onto  cold  nngor  t.  WM;  ' 

SS^ameter  receiver  a is  attached  to  the  end  of  the  reader.  The 
,S5^1y  hygroscopic  bromide  be  romoved  from  the 

while  the  latter  is  In  a dry  box  (Part  I,  p.  71). 


3 NbiOi  [3  T^iOi)  + lOAlBrj  — 0NbBr5(6TaBrj) 
7^,5  laas."  26fl"o3  5954.9  3*JS(5.2 


SAUOa 

509oS 


In  the  method  of  ChaigneaUi  the  mi?chire  ofpentoxide  and  AlBrg, 
in  proportions  Indicated  by  the  above  equation,  is  sealed  under 
vacuum  into  a Pyrex  tube  {before  u^e,  the  AIHr^  Is  purified 
by  vacuum  sublimation).  The  tube  is  heated  for  24  hours  at  200^C* 
and  allowed  to  cooli  the  small  amounts  of  Br 3 formed  in  the  process 
and  residual  AiBra  are  vacuum- sublimed  at  140^C,  The  pure 
peuUhalide  is  then  separated  from  the  AI2O3  by  vacuum  sublimation 
■t  240*Cb  yielding  laige  crystals. 


m,  Nb^ta  (TajOs)  - 3 C - 6 Bt,  = 2 NbBr*  (2  TaBr^)  + COBrj  + 2 COp 
2fl5.fl  J41.9  36.a  959.C  955,0  ilOll  B8.0 

The  bromides  are  prepared  by  a method  similar  to  that  pre- 
sented for  NbCLs  {or  TaCl^)  {method  IV),  An  intimate  mixture  of 
the  pentoxide  Avith  very  pure  charcoal  (preferably  sugar  charcoal) 
is  healed  in  a stream  of  Inert  gas  (CO 2,  Kg)  carefully  prepurified 
tq  remove  traces  of  and  H^O  and  saturated  with  dry  Br^  in  a 
wash  bottle.  There  is  a posslibnity  of  a side  reaction  leading 
to  the  oxybromide  in  the  case  of  Nb^sl  however^  this  does  not 
happen  with  TagOg,  Wiseman  and  Gregory  report  a reaction 
temperature  of  700-Sfi0'“C  in  the  case  of  Ta^a*  The  final  product 
Is  resublimed  under  an  inert  gas  or,  better,  in  a high  vacuum 
(190-200*C);  because  of  its  high  sensitivity  to  moisture,  it  should 
be  handled  only  under  anhydrous  conditions, 

Atteuuite  methods:  o)  Kaaction  of  the  pentoxide  with  CBt4 

(analogous  to  that  with  CCl4,  see  p*  1306}  in  a sealed  tube  yields 
|wre  TaBrs  (In  the  case  of  Ta^^)  according  to  the  equation; 
TarfJs  + 5 CBr,  = 2 TaBi>5  + 5 CO  + S Brg.  The  reactant  mixttire 
la  heated  for  7 days  at  2D0‘'C,  the  gases  formed  are  allowed  to 
eecape  and  TaBrs  is  vaciium-subUmed  at  300*C.  The  yield  Is 
owy  abopt  70%.  The  oorrespondlng  reaction  with  Nb^e  does  not 
fidU  pire  NbBr,;  instep,  mixtures  are  formed  [M.  Chalgneau, 
Coig^es  Beiwhifl  Hebd,  Seance  Acad.  Sci.  3173  (1959)]. 

®)  The  TaBr,  can  also  be  obtained  from  Ta  and  HBr  at  376  *C 
YfMi«  and  C.  H,  Brubaker,  J.  Amor.  Chem.  Soc,  74,  4967 
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pfiOPERTIEST 

NbBrs:  red  crystals;  m.p.  2€6,2*C,  ta,p.  361.6*C, 

TaBrs;  yellow  orystale;  m.p.  265.8’C,  h.p,  348.8"C.  d 5.0. 

Both  compouDds  are  very  sensitive  to  hydrolysis » vety  soluble 
in  ethanol  I with  a chemical  reaction^,  and  somewbat  soluble  In 
CCU- 


REFE  FENCES: 

I.  M,  Alexander  and  F.  Fairbrother,  J.  Chem,  Soe.  (London) 
4M9.  223;  D,  B.  Nowicky  and  I.  E.  Campbell  in:  H.  S.  Booth, 
Inorg,  ^ntheses,  Vol,  IV,  New  York- London- Toronto,  1953, 
p.  130;  JL  F.  Bolaten.  J.  Phys.  Chem,  fig,  12fi  (1958);  K.  R. 
Krishnaswami.  J.  Chem.  Soc.  (London)  1930.  1277;  C.  H. 
Brubaker  and  R.  C,  Young.  J.  Amer.  Chsm.  Soo,  73,  4179 
(1951);  W,  Littke.  Thesis,  Unlv,  of  Freibuig  1.  Br.,  1961. 

II.  M.  Chaigneau.  Comptea  Hendus  Hebd.  Stances  Aoad.  SOI.  243, 
957  (1956). 

III.  W,  K.  van  Haagen.  J,  Amer,  Chem.  Soc.  M,  729  (1910);  W,  H. 
Chapin  and  E.  F.  Smith.  J.  Amer.  Chem.  Soc,  1499  (1911); 
E,  ii,  Wiseman  and  N.  W.  Gregory.  J.  Amer.  Chem.  Soc,  71, 
2344  (1949). 


Niobium  Cxytrlbromtde 
NbOBr, 

I.  Nb,0,  + 3CBr,  = 2NbOBti  + 3CO  + 3Br, 

2S5-S  09j-0  flS7.3  07.Z  I 07Jt  J. 

A stoichiometric  mixture  of  NtagOs  and  CBr*  Is  heated  for  24 
hours  at  200"C  in  an  evacuated,  sealed  tube.  The  tube  is  opened 
at  its  thin,  dravra-out  end,  and  the  gases  present  are  allowed  to 
escape.  The  NbOBra  is  then  purified  by  vacuam-sublimation  ut 
300’C,  The  yield  is  nearly  quantitative. 

II.  NbB(,  + VtO(  = NhOBrj  + Bri 

U.3  f.  3«,7 

: 

The  apparatus  is  similar  to  that  used  for  preparation  of  NbOqi^ 
(method  1);  the  NbBrs  is  heated  InanOj  stream  at  160  ®C,  About 
1 hour  is  necessaiy  for  1 g.  of  NbBrc  The  NbOBrs  product  is  then 
vacuum- sublimed  at  180'C  into  another  section  of  the  reactop  and 
kept  there  at  90"C.  A dense  oryatai  deposit  is  O'btained.  Thefin^ 
NbOBra  must  be  isolated  and  handled  under  completely  anhydreu® 
conditions,  " ^ ' 
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1W 

b D6coon)ositloii  of  NbBrg  ethsratfi  at  112  C [P.  Falrijrother, 

A*  H Oftwloy  ifid  N*  Scott  (1959)]-  rtnrt*^  - 

T^O&ra  CM  be  prepared  from  TaBr^aiid  O 3 at  200  C via  method 
n,  M CMftOt  be  sublimed  without  decomposition- 


properties^ 

YeUow-brown;  moisture  sensitive,  fumes  In  inoistair.  Thermal 
decomposition  into  Nbps  ^ begins  above  320*C, 

REFERENCES: 

1„  M-  Chalgneau-  Comptes  Rendus  Hebd-  Seances  Acad«  Sci,  248. 
3173(1959)* 

IL  F,  Fairbrother*  A-  H,  Cowley  and  N,  Scott*  J.  Less-Common 
Metals  1,  206(1959)- 


Ncbium  [IV],  Nobfum  ()M)  ond  Nobium  \H]  Iodides 
NbL,  Nblj,  NM- 


Nb!j  = Nbli  -t-  'AIi:  NMi  - Nbl,  + I* 

737.5  6CO.5  11.2  L 737.5  473.6  2Z-4  L 


NU« 

A tubCi  dried  fayfaxmlngwlthaflame  and  prepared  for  evacuation 
and  melt^seaiingt  Is  charged  with  a small  amount  of  Nbls  under 
completely  anhydrouB  conditions- 

The  ti^  in  then  sealed  in  a high  vacuum  and  the  end  contnlnlng 
NMs  Is  heated  to  270"C  while  the  reactor  is  in  a horizontal  position, 
Tho  liberated  iodine  collects  at  the  other  end,  which  is  kept  at  a 
temperature  of  about  35*C  (p|I^l  = 0,8  mm,).  The  reaction  time  is 
about  48  hours,  A residue  of  Nbl*  remains  on  the  spot  where  the 
starting  Nblg  was  placed;  it  can  be  s^iimed  at  about  300 '^C  undsr 
the  above^ indicated  Ig  preasure^ 


NU, 


Ettiier  Nbtg  OP  Nbl4  Is  heated  under  vacuum  in  a horizontal 
MiM  tube*  aa  described  in  the  preparation  of  Nbl*.  The  higher 
J™kle  ffl  beated  to  425“430**C  andthe  tube  end  in  which  the  liberated 
^ OoUectg  to  kept  at  40^C,  Reaction  time  is  48  hourSi  The  Nbia 
^ resuhiiiited  in  the  tube  at  450-500"C  (partial 
■wmayuoUtoitt)^ 
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t»«s 


Nbli 


NW,  + ViH,  = NbJ,  + HI 

473,6  11,21.  348,7  22.41. 

A boat  containing  Nblg  1b  heated  In  a Btream  of  pire  H».  The 
reaction,  begins  at  300“C  and  1b  complete  In  a few  honta  at  400*C, 
Higher  temperaturea  shouLd  be  avoided  to  prevent  leductloo  to  t<b 
metal  or  Mb  hydride  (these  reactions  start  above  400'C). 

PROrEHTirst 

tlblAi  dark-gray  crystalline  oblong  leaflets  or  thtyi  needles; 
metallic  luster.  Soluble  in  and  dilute  hydrochloric  acid. 

Nbis:  Insoluble  in  or  cone.  HCi. 

Nbla-  gray- black.  Insoluble  in  organic  solvents;  slowly  l^dro- 
lyzedby  d 5.18. 

REFEH^NCS: 

M.  Chaigneau.  Comptes  Rendus  Hebd.  Seances  Acad.  Sol.  2^,  263 
(1956):  1805  (1957);  J,  D.  Corbett  and  P.  X.  Seabaqgb, 

J.  Inci^,  Nuclear  Chem.  ^ 207  (1958). 


Niobium  [V}  Iodide 
Nbl, 

Nh  + V«Ii  = Nbl, 

92S  634.6  '37.S 

A vertical  tube  of  Yycor  or  I^rex  glaas  (I.D,  app^03tilnate^y  23 
mm.,  wall  thickness  2.6  nmi,)  is  charged  with  4-12  g.  of  Nb  metal 
(either  solid  or  powder),  A dense  glass  wool  plug  Is  placed  over 
the  charge  and  approximately  20  cm,  from  the  closed  tube  end, 
followed  by  a 20%  excess  of  pure,  resubllmed  powder.  The  faibe 
and  its  contents  are  thoroughly  degassed  in  a high  vaomno  end 
melt-sealed  under  vacuum.  Then  the  reactor  is  placed  in  A 
slightly  inclined  position  (with  the  Nb  metal  at  the  higher  and  the 
at  the  lower  end)  and  heated  hy  means  of  two  separate  tubule*-, 
electric  fuiiiaoes  (these  meet  at  the  center  of  the  tube).  The 
niobium  is  heated  to  300*C  and  the  la  first  to  180*C  and  then  to 
250 “C.  The  reaction  is  nearly  quantitative  after  10-15  hours  and 
Nblp  crystals  collect  In  the  transition  zone  between  the  two 
temperature  regions.  The  yields  are  lower  with;  Nb  pwderAb^ 
with  solid  Nb.  The  reactor  Is  broken  at  the  odnter;  the  Ntdsds 
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AfthydTyMis  ooiidltlons  (6<£-f  1^1  * drybox,  aefi  Part  I, 
p,  nj,  »d  repeatedly  rinsed  with  dry  petroleum  ether  (under 
TitfUl  ^ adherii«  1«  is  removed  and  the  petroleum  ether  stays 
The  traces  of  petroleum  ether  are  evaporated  in 

TACUUn* 

Afioordloff  to  Corbett  and  Seebaugb.  this  ayntheBis  can  algo  be 
carried  out  in  a V-shaped,  closed  reactor  tube. 

Xhe  method  of  reacting  a pentoxtde  with  AII3,  used  successfully 
for  the  preparation  of  Tal^,  yields  only  impure  Nblg  when  Nbjpg 
is  the  starting  material  [M.  Chalgneau,  Comptes  Rendua  Kebd. 
Seances  Acad,  Sci.  242,  263  (1956)]. 

Aiternate  mefftod;  Repeated  distillation  of  NbBrg  in  an  HI 
stream  (a  pore  product  is  not  readily  obtained,  however)  [W.  m. 
But,  J.  Amer.  Chem.  Sec.  33,  1568  (1908);  W.  K.  van  Haagen, 
J,  Amer.  Chem.  Soc.  32,  729  (1910)]. 

FROPESTIES; 

Yellow  leaflets  or  needle-shaped  crystals  with  a brass  luster. 
Sublimes  without  decomposition  only  under  considerable  Is  pres- 
sure, Very  sensitive  to  moisture;  decomposed  by  H3O,  forming 

m. 


JtEFE  HENCE: 

F.  Korosy.  J,  Amer.  Chem.  Soc.  61,  838  (1939);  K.  M.  Alexander 
and  P.  Fairbrother.  J.  Chem.  Soc,  (London)  1949,  2472;  K F. 
Bolsten.  J,  Amer.  Chem.  Soc,  79.  5409  (1957);  J.  D.  Corbett 
and  P,  X.  Seabaugh.  J,  Inorg.  Nuclear  Chem.  6,  207  (1958); 
W,  Llttke,  Thesis,  tfniv.  of  Freiburg  i,  Br,,  1961.” 


Taninlum  (V]  Iodide 

Tall 


Ta  + V.i. 
130.9  C34j6 


Tals 

315.5 


TJte  procedure  correspenda  exactly  to  that  described  for  Nblg* 
T^tobeendoontalalng  the  Ta  metal  Is  heated  to  300"C  and  that  con- 

I^ftratto  leo,  theato 250^0,  Tbe  reaction  Is  complete  In 
lO-lS  honrs. 


3Ta,Oi  H-  10  All, 

ia».7  1077,1 


6T»li  + SAlrf>, 
4893,0  S0S.8 


to  ttla  tnefb^  of  Chaigaeau,  a stoichloinetric  mtshiCB  of  Ta^s 
mm  AUa,  is  a Pyrex  glass  tube,  Is  heated  in  vacmim  for  24  houre 
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IB*7 


i containing  tbe  reaction  mixture  (u4dc^ 

hgr  then  is  black)  Is  heated  further  to  360*C  and  finaUy  to  BW^C 

(nearly  theoretical  yield)  into  the  ^colder  emd 
of  the  tube,  where  it  deposits  as  ciystals. 

PflOPEHTIESj 

Shiny  hlack  rhon^lc  ciystals,  subliming  at  B43*C,  Vapor 
pressure:  7.6  nun.  (320 “C);  96  mm.  (420®C);  42i  mm.  fS0D*C) 
d 5,80.  Very  sensitive  to  moisture.  ^ 


HErESENCE: 


I,  F.  Korosy,  J,  Amer.  Chem,  Soo.  61,  838  (1939);  K.  M.  Alex- 
ander and  F.  Fairtarother,  J.  Chem.  Soc.  (London)  1949,  2473; 
R,  F.  Holsten.  J,  Amer.  Chem,  Soo,  80,  2952  (1958);  W,  Llttke. 
Thesis,  Lniv.  of  Freiburg  1,  Br.,  1961, 

II.  M.  Chalgneau,  Comptea  Headus  Hebd,  Stances  Acad.  Sol.  242. 

263  (1956}-  


Niobium  {II)  Oxide 
NbO 

I.  NbO,  + Nb=2NbO 

it4.s  ea.9  sirt 

A mixture  of  NbOg  and  Nb  metal  Is  pulverised  to  as  small  a 
Blae  as  possible  and  then  compressed  Into  small  pellets  which  are 
heated  for  XO-20  minutes  at  1600-1 700”C  In  an  atmosphere  ol 
very  pure  Ar  or  in  a high  vacmim.  Tito  best  support  fbr  thes^ 
pellets  is  Nb  sheet;  however,  the  pellets  sJuHild  touch  this  <i^ieet 
only  at  a very  few  points. 

H.  NbO  can  also  be  prepared  via  a prolonged  reduction  of  higher 
niobium  oxides  with  An  especially  thorough  prepurifioatton 
and  predrying  of  the  hydrogen  is  essential.  Tbereactton  is  carrlod 
out  at  1 300-1 750®C.  The  reduction  of  0.6  g.  of  NbO g to  NbO  takes 
about  60  hours  at  1350®  and  about  16  hours  at  1700*0.  It  iS'iar*- 
portant  to  follow  the  progress  of  the  reduction  via  a periodic’ ciieolt 
on  the  weight  of  the  reactants;  this  is  because  the  reaction  alSiSf 
readily  yields  Nb  metal  In  addition  to  KbO.  The  metal  nmy  start 
to  accumulate  after  the  run  is  In  progress  for  sonte  time  and,  m 
the  presence  of  the  unavoidable  trace  impurttteHa-j  in 
Converted  Into  NbgN  and-  NbgGi  • sjav. 
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PItOiPGRTiKS' 

ForoHilft  weight  108.91.  Cray,  submetallic.  d 7.30.  Crystal 
structure:  special  type  Bimllar  to  B 1 (NaCl)  type. 


R£F£AENCE: 

G Grube  O*  Kubaschewski  and  K.  Zwiauer.  Z.  Elektrochem* 

S35  (1933);  O,  Kubaachewi&ki,  Z.  ElektPOC^hem^  284  (1940); 
G*  Brauer>  Z.  anorg.  ailg.  Chem,  24§r  ^ (1941). 


Niobium  (JV)  Oxtci# 


NbOi 

In  this  procediire*  pure  MbsOfi  is  reduced  in  an  Ha  stream  at 
1000-1200"C. 


NbjOs  Ht=--  2 NbOr  + HjO 
265-8  33.4 249.S  IS.O 

The  reduction  time  for  1 g*  of  oxide  (contained  in  a boat)  is  1-2 
bcoirs.  Weight  control  is  necessary^  since  prolonged  heating  at 
high  temperatures  produces  some  further  reduction  to  NbO* 

PROPERTIES: 

Formula  weight  124,91.  Black  powder-  d 5*9*  Crystal  structure: 
C 4 (rutile)  type* 

SEFEUPKCEt 

P-  Klii^r.  Techn-  MitteU.  Krupp*  Forschungeber*  1939.  p*  171; 
G-  Grube*  O.  Kubaschewski  and  K,  Zwiauer*  Z*  Elektrochenir 
885  (1939);  G,  Brauer,  Z,  anorg.  allg,  Chem.  2^*  1 (1941), 


Niobtum  (V)  and  Tontalum  (V)  Oxides 


NbtOi,  Ta^Oi 


Commercial  Nb^e  and  Ta^s  axe  usually  low^purity  products; 
ia  particular*  often  contains  TagOe*  They  are  frequently 

contaminated  with  Fe,  T1  and  Su  since  these  elements  accotupany 
Mba^  Ta  In  the  original  minerals.  The  following  methods  for 
pentoxldes  are  based  on  the  assumption  that  the 
cootei  of  these  impurities  does  not  exceed  a few  percent* 


aa.  VANADrUM.  NlOaiUM,  TANTALUM 
I.  piJRIFiCAT[ON  VIA  THE  CHLORIDE 


Tor  can  "be  removed  from  oommerd^ 

{or  TftgOg)  ^ the  oscide  Into  k oMoride.  followed 

by  ^rach™  or  distillation  This  method  Is  limited  to  ™S 
qualities  of  reactants.  omau 

As  we  have  shown  In  the  preparation  of  NbCU  for  TaCl  l fn 

tubular  bomb  (which  need  not  be  evacuated),  and  chlorination  Is 
carried  out  while  heatii^  to  250-300"C.  The  sealed  tube  is  then 
opened,  and  the  solid  pentachlorlde  product  is  eudractsd  five  times 
by  shafeng  with  5-ml,  portions  of  CCU,  followed  by  phase  eepara- 
iloHt  This  may  be  done  in  air  provided  the  operation  la  carried  out 
qiilckly*  The  TiCl4  and  SnCl^  are  very  readily  soluble  in  CCl  4, 
whereas  the  pentachlorides  dissolve  less  readily  and  lese  rapidly 
(less  than  10  mg.  of  cMoride/1  mL  of  CCIJ  and  therefore  remain 
as  residues*  The  residues  are  then  converted  to  the  oxides  with 
H5O,  Assuming  complete  chlorination  prior  to  the  extractioni  the 
Ti  and  Sn  content  of  the  product  oxides  should  be  ^ 0,05%* 

b)  Instead  of  leaching  the  TiCl4andSnCUoutof  the  chlorination 
product,  the  latter  can  be  removed  by  vacuum  sublimation  at  0.1 
mm.  and  200‘'C  (after  the  sealed  tube  is  opened).  In  this  procedure 
the  subliming  pentachlorldes  travel  only  a short  distance 
within  the  tube  before  depositing  In  a cooler  soue;  howevert  the 
T1CI4  and  SnCl^  are  volatUiaed  ao  completely  that  the  pento^ddee 
obtained  by  this  procedure  contain  less  than  0,05%  of  TiOa  and 
SnO 

c}  The  following  method*  which  can  be  used  to  purify  NbgPs 
(but  not  Ta^s)p  has  the  advantage  over  the  previously  described 
one  that  It  can  be  used  with  larger  quantities  of  reactants. 

The  following  preliminaj^  treatments  may  be  usedi 

a)  Is  ^ed  with  KHSO4;  the  melt  is  allowed  to  cool  and, 

after  the  grinding,  is  treated  with  dilute  andK^av  The 

hydrated  oxide  is  precipitated  from  the  peroxide  solution  with 
SO  a at  the  boiling  point,  the  mixture  is  decanted,  the  supepatant 
is  discarded  and  the  aqueous  slurry  of  the  precipitate  is  used 
in  further  reactions, 

b)  Freshly  precipitated  hydrated  oxide  (or  the  NbjPs-KHSO^ 
melt)  is  directly  dissolved  In  ammonium  oxalate  or  tartaric  acid 
and  the  resulting  solutionof  the  complex  is  used  in  ftirther  reactions. 

c)  A hydrochloric  acid  solution  or  suspension  of  the  chlorina- 
tion products  (NbClfi^  NbOCU)  noay  he  the  starting  materiai> 

Next*  the  solution  (or  stiBpension)  Is  adjusted  to  a wlume 
correspoudliig  to  a xnaxtnium  concentration  of  4 g*  (or^  even  better^ 
2-3  eo  of  Nb^e/lOO  inl.  and  the  solution  is 
cooling  and  agitatiBg,  with  HCl  gas  as  descidbed  in  detail  In  tfee 
preparation  of  (NH*>aTiCia,  P*  1199  ff.  The  suspeuslon,  as  well  as 
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bviirAted  03tlde  precipitated  during  the  treatment  with  HCi, 
ex«tuaUy  becomes  clear  when  the  eolutfan  Is  saturated  with  Hci; 
domtimea,  however,  the  HCI  treatment  and  the  agitation  must 
te  oolte  long-  Approximately  three  hours  are  required  per  lOO 
ml  Then  4 g.  of  solid  NH+Cl  per  100  ml,  is  added  and  the 
mixture  is  agitated  for  approximately  half  an  hour*  The 
iNHJtiTiCI,  and  (NHiJsSnClfl  precipitate  up  to  their  respective 
solubility  limits  (0-5  mg-  of  Ti  and  0,4  mg-  of  Sn/iOOTnl,).  The 
mixture  Is  filtered  through  a small-pore  fritted- glass  filter 
lit  is  best  to  cool  the  filter  externally  with  ice);  the  filtrate  is 
diluted  with  four  to  five  times  its  volume  of  K^O  and  then  hydro- 
lyxed  at  the  boiling  point-  The  readily  filtered  hydrated  oxide  is 
then  calcined  to  the  oxide.  A 70-80%  yield  of  purified 
containing  less  than  0*1%  of  TiOg  or  SnOgt  is  obtained-  The  losses 
are  due  to  the  isomorphous  occlasion  of  (NH4)aNbOCls  by  the 
precipitated  (NH*)  gTiCl  g. 


n SEPARATION  VIA  THE  OXALATR 


Very  pure  niobium  oxide  can  be  obtained  either  from  crude 
niobium  oxide  or  from  concentrated  niobium  oxide  mixturest 
provided  the  Ta306:NbgOE  ratio  is  not  greater  than  1:4,  The 
following  method  is  xrsed:  Precipitated ^ moist  hydrated  oxide 
lequi valent  to  about  20  g.  of  anhydrous  oxide)  is  repeatedly 
treated  with  fresh  20O-ml,  portions  of  a solution  which  is  2N  in 
HCl  and  5%  in  oxalic  acid  dibydrate,  Each  treatment  involves 
beating  the  mixture  for  several  hours  on  a bath  at  6 0- 70*^0  with 
stirrings  followed  by  decantation-  Moet  of  the  Ta  remains  In  the 
ioaoluble  residue,  which  also  becomes  concentrated  in  Ti  and  W‘ 
the  nearly  pure  Nb  goes  into  solution,  always  accompanied  by  Sn. 
The  comhined  solutions  are  evaporated  to  dryness,  and  the 
residue  calcined  to  decompose  the  oxalic  acid.  The  calcination 
residne  is  rather  pure  Nbgps,  containing  only  about  1%  Ta^s 
plus  some  alkali  stemming  from  the  starting  material. 

This  fairly  pure  NI15P&,  in  the  form  of  precipitated  hydrated 
oxide,  may  again  be  subjected  to  the  same  leaching  operation, 
which  gives  a virtually  Ta-free  oxide- 

ni,  SEPARATION  BY  EXTRACTION 

The  eMraction  of  aqueous  hydrofluoric  solutions  of  the  pent- 
oxides  with  immiscible  ketones  can  be  used  with  very  impure 
materials.  In  this  caae  there  la  no  restriction  on  the 
P^nateeible  Nb:Ta  ratio,  in  this  extraction,  the  aqueous  phase 
*wtainB  HF  and  either  HCI,  HNOg  or  H^O^;  the  best  purlfioatlon 
Jf  ottained  with  BNO3  and  H^O*.  The  coefficients  for 
pwtiiMMi  01  Hb  and  Ta  between  the  two  phases  dfipend  to  a Iftrgs 
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IV,  FllSOWDE  SEPAHATLON  HY  THE  METHOD  0^  MARiCNAC 


FraeUonal  cryataUiEftti™  of  K,TaF,  ia  accompli ahed  by  adding 
KF  to  todionuarie  solutions  of  Nta  and  Ta.  while  KaNbOPe  ac- 
to  the  mother  licpior.  This  procedure  is  more  suitable 
for  a Urae-acale  process  than  the  laboratory  [O.  Honigsohmld 
K 2.  aoorg.  allg.  Chem.  219.  161  (1934)1 

c W ^ Tr^.  Electrochem,  Soc.  85,  89  (1944);  G.  S. 
Savcheiiko  and  Ya.  V.  Tananayev,  2h.  Prlkl,  Khimit  19,  1093 
(1946):^.  385(1947)], 


V.  TANNIN  PRECIPITATION 

ai^i.11  amounts  (about  1 g.)  of  very  pure  Nb^Og  and  Tajpg  can 
be  obtained  from  the  corresponding  crude  oxides  via  a simple 
fractional  piecipitation  of  oxalate  complex  solutions  with  tannin. 
The  procedure  is  based  on  the  anal^ical  method  of  Schoeller 
(1937). 


n,  SEPARATION  StiTII  ION  EXCHANGERS 

The  separation  of  Mb  and  Ta  on  an  ion  exchange  column  is 
promising  but  not  yet  sufficiently  developed.  The  Nb  and  Ta 
products  can  be  obtained  in  99%  purity  from  solutions  which  are 
9 M in  HCl  and  0.05  M in  HF  (K.  A.  Kraus  and  G.  D.  Moore,  J, 
Amer-  Chem.  Soc.  71,  3855  (1949);  E,  H,  Huffman,  G.  M.  Iddlngs 
and  K.  C,  UHy,  J,  Amer,  Chem,  Soc,  4474  (1951);  J.  L.  Hague, 
E,  D.  Brown  and  H.  A.  Bright,  J.  Res.  Hat.  Bur.  Standards  53/4. 
2«1  (1954);  P.  Muachow.  Chem.  Ztg.  84,  490,  527  (.1060)]. 


PaOVERTIES; 

Nb^g;  White  powder  turning  yellow  on  heating;  Insoluble  In 
aqueous  acids  other  than  hydrofluoric.  M.p,  1495''C.  Crystalliaes 
to  various  modifications;  does  not  form  well-defined  hydrates. 

Taspg:  White  powder;  insoluble  in  aqueous  acids  other  than 
bydrofluoric,  M.p.  1872*0.  Crystallizes  In  various  modifications; 
torms  no  defined  hydrates. 


■EmtEluCESi 

General:  W.  B,  Schoeller*  The  Analytical  Chemistry  of  Tantalum 
and  Nlobiunip  Loadon^  1337;  H,  Schafer,  Angew,  Chem. 

<1359);  G,  L*  MUlert  Tantalum  and  Niobium^  Londoa«  1953* 

^ Weliilaiid  amt  L+  Storz,  2,  anorg*  allg.  Chem.  54>  323 

(1907);  IL  Schafer  and  C*  Pietruck.  Z.  anore.  allg.  Chom-  264i 
100U961). 
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i3.  VANADIUM^  NlOSlUh^^  TANTALUM 

^org.  aUg*  Ch*m*  267,  213 

Nrt  ®52S^a9Sm^P^‘  S.  Bur.  Min.  Itep.  Invest. 

No.  5239  (1956),  E L.  Koemer,  M.  Snjuts  and  H.  A.  Wtlhelm. 

Meeting  of  Extractive  Metallurgy  Section  of  the  A.LCh.E„ 
Chicago.  1957;  G.  K.  Faye  and  W.  R,  aunan,  Dent 

Min.  Teohn.  Surv.  Res.  Rep.  No.  MD  210  (X957)i  J,  L,  TWB 
and  S.  L.  May.  U.  S.  Bur.  Min.  Rep.  No.  USBM-U-a62  (19S7)j 
C.  W.  Carlson  and  R,  H.  Nielsen.  J.  Metals  12,  472  (1960). 


Alkoti  NTobalei  and  Tantolatei 

Either  Nb^O^  or  TugOs  is  heated  with  an.  alEali  hydroxide  or 
alkali  carbonate.  Salts  of  differing  composition  are  obtained, 
depending  on  the  reactant  ratios,  the  temperature,  and  workup 
of  the  reaction  product,  ^stematlc  Investigation  has  shown  that  the 
system  alkali  oxide-pentoxide  contains  a wide  range  of  compounds. 

The  thoroughly  dried  starting  Nb^Og  (or  Ta^e)  LlaCOa, 
NagCOs  or  K^Og  are  mixed  in  ratios  calculated  togfvethe 
desired  final  oomposition;  the  mixtures  are  heated  in  a crucible 
at  a slowly  increasing  temperature  (e.g.,  XOD^C/bour)  to  Insure  a 
smooth  reaction  without  loss  of  reactants.  The  best  crucible 
material  Is  Pt  or  (particularly  for  mixtures  with  h^h  alkali 
concentrations)  an  30%  Au,  20%  Fd  alloy.  The  temperature  Is  In- 
creased to  Just  below  the  melting  point  of  the  mixture  and  kept  at 
this  point  several  hours;  the  mixture  is  then  cooled  and  pulverized. 
The  heating  and  pulverization  are  repeated  an  additionaltwo  times. 
An  oxygen  atmosphere  is  maintained  over  the  crucible  during  the 
heating  to  prevent  the  product  from  splitting  off  oxygen. 

In  the  preparation  of  the  meta  salts 

NbjOs  + Li£CO,(Na,CO,.  K,COt)  2LiNbO,(aNaNbOt,  aXNbO,) 
issjB  7a.9  106S  13S,2  29S.7  aST.a  soao 

Ta.Os  + LisCO,(NaiCO,,  KiCO,)  2 LiTaOj(2  NaTaO,,  SKTaOt) 

441.9  73,9  lOfi.O  138-9 

the  amount  of  alkali  carbonate  may  be  somewhat  greater  than 
that  indicated  by  the  1:1  molar  ratio  (however,  a 2;1  ratio  sh^d  aot 
he  exceeded)  nnri  the  reaction  mixture  may  be  extracted  with  ■a'SjW 
The  meta  salts  remain  as  residues  which  dissolve 
difficulty.  Larger  single  crystals  of  the  meta  salts  can  be  obtained 
from  a KF  or  KCl  melt. 

For  information  ooncerning  polyolobataa  and  polytantalates,  see 
Part  m.  Section  3. 
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PRtiKirms: 

Ootorless,  crystaUlne  compCMirds. 

Tbs  following  jdiasos  are  known; 

U^-NbaOe: 

3LldO*Nb,Oa  tm.p.  HOTO;  J253*C), 

LlriO  ' tm.p*  1231  “C,  incopgruent);  UgO  . 14  ND306<m.p. 

1268"C.  inooogruent). 

Na-j^-  NbaOji 

3 NaaP  ■ W>^6  tm.p.  9&7"C);  Na^O  • NbaOetm.p.  1422“C,poly- 
morphcn^j  Na^O-iNb^e  {“-P-  1277*0,  Incongiuemt);  Na^  . 
14  MbPs  (m-P-  1309 “C,  incongruent), 

KsO-NbaOB: 

3 KdO  ' ffbsPs  {m*?"  950*0);  ■ NbjPa  (ni.p,  1039*0,  inoon- 

ement):  2K^-3NbsOe  t“-P>  H63*C);  KaO  • 3 Nb^B  (m.p, 
1234*0,  ioQongruent);  3 Kfi  ' 22  NbaPsIm.p.  1279*0,  Incongruent); 
G KfiO  ' 7 NbPs  and  7 K/)  ■ 6 Nb^e  (metastable,  obtainable  only 
by  quenching), 

KsO-Ta^g; 

3K^  'Ta^5  (m.p,  1330*C};  KjO  • Ta^e  Cm.P.  1370*C,  in- 
congnient):  K3O  ■ 2 Ta^s  (m,p.  1520*0,  Inoongraent) ; KgO  ■ 

5 Ta/)g  (m,p.  1645*0,  Incongment). 

HEFnnENCES: 

L.  L.  QuUl.  Z.  anoiv.  allg.  Chem..208,357  (1932);  P.  Siie.  Cnmptes 
ttendus  Hebd.  SeanceB  Acad.  Scl.  198.  1696(1934);  P.  Sue,  Ann. 
Chimle  [11]  7,  493  (1937);  F.  Wlndmalsser.  Osteicr,  Cheiniker“ 
2tg.  4S,  301  (1943);  B,  T.  Matthias  and  J,  P.  Remelka,  Phys. 
Bev.  (2>  83,  727  (1961);  E.  A,  Wood,  Acta  Crystallogr.  4,  353 
(1951);  A,  Reiaman,  F,  Holtzberg,  M,  BerkenbUt,  M.  Beriy 
and  E,  Banks.  J.  Amer.  Chem,  Soc.  77,  2115  (1955);  78,  719, 
4614  (1956);  80,  37,  6503  (1958);  81,  1292  (1963). 


Pnroxynlofatc  and  Peroxytantalrc  Acids 


HNb0,’aH,O 


HNbO<  «H,0,  HTaO, <nH^ 


2K|NbO«- ViH,0  + 3H»SO,  -1-  3 H,0  = 2HMbO,  + 3K,SO,  + 0H*Ot 

Sa4Jl  54,0  31S,8  aw.i 

Sidftttio  acid  (2  10  ml,)  la  gradually  addadto  aBOlution  of  3 g* 

« pctacAltim  pemxyaiobate  in  SO  tal.  of  The  precipitate 


t32S 


£3.  vanaoeum.  Niobium,  tantalum 

formed  (cautJon;  this  precipitate  redlSBolvea  readlW  If  ther*  Ifi  an 
excess  of  sulf^ic  acid)  la  filtered  off  and  washed  three  to 
times  with  H,0,  ethanol  and  ether.  The  yield  Is  poor  (about  I e.  of 
peroigmiobic  acid,  in  the  form  of  a light  yeUow  powder). 

HTaO.‘nH,0 


I,  aXiTaO.  + 3 HiSO*  + 4 H,0  = 2 HTaOj  + 3 K,SOi  * 6 H.Oi 

A Solution  of  2 g.  of  KgTaOa  in  ISO  ml.  of  H9O  Is  prepared 
and  an  approximately  equivalent  quantl^  of  dilute  added  all 

at  Once.  The  nascent  precipitate  is  first  centrifuged;  tt  can  then  be 
filtered  and  washed  with  soma  HsO,  then  with  ethanol  and  ether. 


H,  Ta,Oi  -f-  2 HiOj  = 2 HTaO,  - HiO 

441.9  flg.O  491 

Tantaiic  ao!d,  freshly  precipitated  with  ammonia  from  a solution 
containing  10  g,  of  KaTaF,,  is  treated  with  50  ml.  of  HjO  and 
50  ml,  of  30%  HqOg.  The  tantalic  acid  dissolves  complete^  within 
a few  hours,  affording  a transparent,  opalescent  liquid.  The  latter 
is  treated  with  equal  amounts  of  ethanol  and  saturated  NaCl 
solution.  The  mixture,  which  at  first  stays  clear,  slowly  deposits 
out  a precipitate  of  pero?tytantallc  acid,  which  is  filtered  ofi  ^ 
next  day  and  dried  with  ethanol  and  ether, 

PHOPESTIEg: 

White  substance,  Gelantinous  when  wet,  fine  powder  when  dry, 
Ta : perojqr  ojgrgen  ratio  5=  1 : 1. 

aEFEBEHCES: 

A,  Sieverts  and  £.  L.  Muller.  Z.  anorg.  aUg.  Chem.  ^3.  297 

(1928);  P.  Mellkow  and  L,  Pissarjewsly.  Z,  anorg.  Chem,  gg, 
344  {1899}, 

Poiosaiom  Peroxyniobcte,  Potassium  Peroxytantolate 
KiNbOk,  K.TaO. 

Nb,0,  + BKOH  + SHfOi  = 2KsNbO,  + 11  H.0 
aS5-8  336.6  273,1  676-4  168.2 

Ta,Oji  + 6KOH  + 8H1O1  = 2K,TaO,  + llHrf) 

441.6  336.6  2781  SSaS  1W.8 

I.  A mixture  of  NbaOg  {1  J»rt)  and  KOR  (8  parts)  is  fused  in  a 

Silver  crucible.  The  fused  mass  la  dissolved  In  a minimum  of 
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UJX  « small  smouBt  of  H,Oa  is  added  and  the  mixture  heated  for 
a while  on  the  water  bath.  The  solution  is  filtered  to  re- 

nove  the  black  Ag  particles,  9-10  moles  of  H^Og/mole  of  Nb^o^ 
ts  «id«l  and  the  mUture  is  precipitated  with  an  equal  volume  of 
ethanol  The  precipitate  is  air-dried  and  washed  with  ethanol  and 
ether-  it  is  then  redlssolved  in  a mixture  of  three  to  four  moles  of 
H-Oa  and  0.5  moles  of  KOH/mole  of  the  NbgOB  reactant  and  pre- 
cipitated with  1-1.6  Umes  Its  volume  of  ethanol.  The  precipitate 
is  again  dried  with  ethanol  and  ether. 


U,  The  fusion  step  can  be  avoided  by  using  freshly  precipitated 
niobtc  acid  or  potassium  niobate  instead  of  NbaOg.  These  com- 
are  dissolved  in  potassium  hydroxide  and  the  workup  pro- 
cedure is  the  same  as  that  described  In  method  I. 


K,T«Oii 


Tantalic  acid  Ta^Os  ■ aq.  is  precipitated  with  ammonia  from 
a tantalum  solution  fe.g.,  that  of  KaTaF^J.  The  precipitate  is 
suction^filtered  and  washed  with  a large  quantity  of  HaO.  The 
gelatinous  intermediate,  which  should  not  be  allowed  to  age,  is 
added  to  a solution  of  20  g.  of  very  pure  KOH  in  250  ml,  of  3% 
(made  from  “Perhydrol,”  Merck)  until  the  solution  is  satu- 
rated, Cooling  to  O^C  causes  separation  of  granular  peroT^tantalate 
crystals,  which  are  suction-filtered  and  dried  with  ethanol  and 
ether  or  in  a vacuum  desiccator  over  HgS04. 

The  pure  white  crystals  have  a composition  corresponding  to 
KaTaOa;  the  yield  is  poor, 

KtTaO,V,H^ 

A mixture  of  Ta20a  (S  g,)  with  three  times  the  stoichiometric 
quaidlty  of  KOH.  Is  fused  In  a silver  crucible.  The  product  Is 
allowed  to  cool  and  Is  then  dissolved  in  3%  HgOgi  any  separated 
silver  is  filtered  off.  The  solution  is  treated  first  with  20  times 
the  stoichiometric  quantity  of  and  then  with  an  equal  volume 
of  etbanol.  The  precipitated,  fine  powder  of  the  salt  Is  suction- 
filtered  and  dried  with  ethanol  and  ether.  Yield:  6 g.  of  pure 
white  K^TaO^  - V,  HgO. 


BEFERENCESt 

A,  Sieverts  and  F,  L.  Mller.  2.  aitorg^  Ch^tn,  173*  297 
^02S);  C,  Baike-  J*  Ainer*  Chem.  Soc,  1140  (1906); 
C-  W*  Balke  and  E,  F,  Smith,  J,  Amer*  Chi&m,  Soo*  1637 
Uallkow  and  L,  Plaearjewsky,  Z.  anorg,  Ciieiia, 
344  amh  ^ ^ 


2 3*  vanadium,  tllOBlUMf  TANTAiJJM  >327 

Niobium  ond  Tcintalum  SuHidot 

I,  KRCftl  THE  metals 

In  genoral,  the  synthesis  from  the  elements  gives  products  of 
any  desired  composition.  If  the  reactant  ratios  correspond  exactly 
to  the  region  In  ivhich  n is  homogeneous^  the  product  is  pure; 

otherwise*  it  Is  a mixture  of  phases* 

A mixture  of  about  g,  of  ^oUd  Nb  metal  (or,  better*  Nb 
filings  or  powder)  and  that  quantity  of  vaouuin-^dlstllled  sulfur 
which  will  give  the  desired  product  composition  is  placed  in  a 
quartz  tube,  which  is  then  evacuated.  The  mixture  is  heated 
slowly  and  then  kept  at  700-1000*C  for  two  days*  Under  these 
conditions,  dpendlng  on  the  temperature  uaed,  either  the  high- 
or  the  loW’- temperature  modification  of  a phase  Is  obtained* 
Special  conditions  are  required  for  some  compounds  (e*g*i  hex* 
agonal  >fbSg : 350*C  < T<  1050 ^C,  with  the  niobium  placed  ta  the 
hottest  zone  of  the  ampoule;  rhombohedral  Nb|,^^SaT  T>800*C* 
niobium  in  the  coldest  zone  of  the  ampoule)* 

In  no  case  ie  the  sulfur  quantity  absorbed  greater  than  that 
corresponding  to  the  formula  KbSg.  Ko  preparative  methods  are 
known  as  yet  for  KbSg^  Traces  of  this  compound  are  formed 
during  the  preparation  of  other  niobium  sulfides*  The  heating  of 
mixtures  low  in  sulfur  should  be  occasionally  interrupted*  the 
Intermediate  product  repulverized  and  remixed,  then  replaced 
in  the  evacuated  tube*  and  the  heating  continued- 

The  lower  sulfides  may  also  be  obtained  by  homogenization 
of  the  corresponding  mixtures  of  niobium  sulfide  + Nb*  In  addition, 
partial  degradation  of  the  higher  sulfldea  by  distilling  off  the 
sulfur  in  a high  vacuum  also  yields  lower  sulfides.  Another 
preparative  method  is  based  on  the  reaction  of  Nb  with  af 
temperatures  between  550  and  90O*'C, 

The  tantalum  sulfides  are  prepared  by  procedures  based  on 
the  Same  principles.  Since  the  phase  relationships  are  less 
complicated*  one  has  greater  I attitude  in  selecting  the  prepara- 
tive conditions.  The  tantalum  sulfide  with  the  h^baat  known 
S concentration  is  TaSa,  which  can  be  obtained  at  600* C. 

n.  FRm  THE  PENTOXIDES 

Either  NbsO.  or  TagOe  (3-10  g*)  10  placed  In  a loose  layer 
In  a porcelain  reactor  tube  and  exposed  for  three  to  six  hours  at 
950-1300*0  to  a CS ^saturated  stream  of  prior  toeotertqg 
the  tube,  the  latter  peases  through  a purfflcatloa  and  drying  train, 
as  well  as  through  a wash  bottle  containing  CS^  at  25"35  C» 
The  reactor  must  be  thoroughly  purged  ot  air  prior  to  the  nm  ^ 
air  leaks  must  be  avoided  during  the  reaction.  In  particular,  tJte 
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must  be  air-frw*  The  crude  sulfides  are  then  extracted  with 
CS  te  reiftOve  traces  of  precipitated.  S*  The  Nb  product  has  the 
o«a^iUoa  KbSv<H-  product  TaS,^*.  It  appears  that  no 

otb«r  impositions  can  be  obtained  by  this  method, 

PROPS  arti:s; 

Xhe  hexagonal  ^^bS^  and  the  rhornbchedral  Nbi-i-^Sg  are  blu.e~ 
black,  shiny  ciystalline  compounds:  NfaS^  single  cryetflls  0,5  mm, 
in  site  can  be  obtained.  The  remaining  niobium  sulfides  are 
^rSc-gray  to  black  or  dark-brown  powders  devoid  of  luster* 

The  TaSg  consists  of  microscopically  small  leaflets,  not 
appreciably  volatile  in  vacuum  up  to  1100 ""Ct  whereas  TaS^  con* 
sists  of  a mass  of  loose,  feltlike  ciystalline  fibers  which  are 
always  obtained  when  other  modifications  are  heated  for  14  days 
at  600*C.  At  650®C,  TaS^  decomposes  rapidly  into  TaS^and 
sulfur,  which  dissolves  la  the  TaSs-  The  sulfides  are  unaffected 
by  hydrochloric  acid  and  sodium  hydroxide,  but  vigorously  oxidized 
by  hot  concentrated  HgSO^or  HNO^, 

Seven  phases  are  known  in  the  Nb-S  system:  ^‘H-UbS”  (tem- 
porary general  designation,  probably  comprising  two  or  more 
phases),  hexagonal  Kb^-yS^  (0  < y < 0,3)  and  the  closely  related 
hexagonal  Nbi  (0*3  < x < 0,43),  rhornbohedral  + {0*12  < x 

< 0-5),  hexagonal  NbSa,  rhombohedral  NbSa  and  monoeiime  NbSa* 
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Niobium  <ind  Tantalum  Nitrides 

L Tte  ixire  Nb  and  Ta  nitrides  are  prepared  by  syntbesis  from 
we  ete^Dts*  The  reactant  metals  should  be  fine  powders  and 
mMMo  be  degaseed  by  heating  In  high  vacuum.  The  Ngmust  be 
*®*upjetely  free  of  and  With  fltte  metal  powders,  the 

rwOTM  temperature  should  be  120D''C;  with  filings  or  solid 
tt  must  be  I3OO  to  1500*G,  Temperatures  higher  than  th^s® 
litcrea^e  the  altrldatlon  rate;  however,  because  of 
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equipment  Umlt&tlons^  th*y  are  employed  ouly  in  the  oaae  in  which 
the  met  all  in  the  form  of  wirei  ie  clamped  onto  termlitalfi  and 
heated  eleotrlcally  in  an  atmosphere. 

Hydrides  of  Nb  and  Ta  can  be  used  Instead  of  the  metal.  The 
hydrides  lose  their  hydrogen  during  the  first etages of  the  reactfonf 
affording  an  especially  reaotlve,  fine  metai  powder;  this.  In  tum, 
permits  lower  reaction  temperature  a ^ Ih  Addition^  very  pore  NH  ^ 
may  be  used  Instead  of  The  reaction  of  the  metal  with  am'- 
monla  occurs  at  a temperature  which  Is  UBuaUy  300-400*0  lower 
than  that  required  for  Ng, 

a)  Nitrl^tlon  of  thin  metal  wire  can  be  achieved  at  tempera- 
tures between  1350  and  2SOO*C,  This  procedure*  which  uses  nitrogen 
under  pressure,  always  yleida  products  with  an  N content  corre- 
sponding to  the  upper  limit,  NbN>  The  rates  of  reaction  are  high 
but  the  amount  of  obtainable  product  Is  obviously  small.  Products 
with  a low  ISE  content  can  be  obtained  by  shortening  the  heating 
period  and  lowering  the  pressure;  product  homogeneity  cannot 
he  guaranteed^  however* 

b}  To  obtain  nitrides  from  metal  powder*  the  latter  Is  placed 
in  a sintered  alumlm  boat  inserted  Into  a ceramic  reactor  tube* 
Because  the  nitrides  are  so  extremely  sensitive  to  o^^en*  com- 
pletely Q3g^gen-free  products  can  be  obtained  only  if  penetration  of 
foreign  gases  ia  reduced  by  using  the  beet*  least  porous  ceramic 
reactor  materials*  Even  these  exhibit  some  poroeify*  however*  The 
best  method  is  to  Insert  the  reactor  tube  into  another  protective 
tube  and  fill  the  annular  space  between  them  with  veiy  pure 
The  products  vary  In  K content  depending  on  the  temperature  and 
duration  of  nltrldatloHi  and  can  range  up  to  NbN  or  TaN,  To  achieve 
high  homogeneity  and  nitrogen  contents*  the  mixture  of  reactants 
must  be  cooled  from  time  to  time,  removed  from  the  apparatus, 
reground  to  a fine  powder*  and  nltridlsed  again* 

The  best  method  for  obtaining  products  of  a given  desired  N 
content  is  synthesis  starting  from  a homogeneous  mixture  of 
highly  nltridi zed  materials  and  metal  powder*  Such  mixtures  are 
hcmogenl^ed  by  prolonged  calcination  at  at  least  1400  C 0ilgh 
vacuum  or  Ar  atmosphere)  with  occasional  cooling  and  regrindlt^ 
of  the  calcined  Intermediate  product* 

n,  l^ss  pure  niobium  nitrides  can  be  obtained  from  the  oxide, 
carbon  and  nitrogen: 

NbO,  + 2C  + '/tN,  i^NbN  ’f  SCO. 

An  intimate  mixture  of  NbOg  the  stoichiometric  quanU^^ 
aeh-free  carbon  iB  calcined  In  a stream  of  very  pure  or 
at  135 0“C,  The  products  probably  still  contain  eome  O and 
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tUs  mathod  Is  oompleUly  unsuitable  for  the  preparation  of 
Tn  nttrtdaa  because  In  this  case  the  product  ooatains  conalderable 
QttAiUtlos  of  O And  Ct 

Tbe  nitrides  can  also  be  obtained  from  the  oxldea  and  KHa, 
provided  tba  reaction  time  Is  sufficiently  long. 


PROPfiHTlES; 

Dark  products  with  mibmetalllc  appearance*  Products  with  a 
hiefa  K content  are  yeilowish-grai^  or  brown,  those  with  a low  N 
content  are  dark  gray*  M-p,:  NbN  about  2Q00*C^TaN  about  2800*C, 
The  Na  decompoaltiDja  pressures  become  appreciable  at  tempera- 
tures exceeding  1400*^C*  Not  attacked  by  acids.  Readily  and 
c^auLltatively  converted  to  the  psntoxides  by  moderate  calcination 
in  the  presence  of  air  (this  Is  an  analytical  method}* 

The  Independent  phases  which  exist  In  the  Nb-K  system 
correspond  to  the  compositions  NbNi*Qd_a, evi  NbN(>^^  (^^90  and 

NbNft^5CH>4o  * density  of  these  ranges  from  8,3  to  8.4. 

The  independent  phases  in  the  Ta-N  system  correspond  to  the 
compositions  (d  13-S)  and  TaNo^go-o^^o  (d  15.4}« 
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Niobium  ond  Tantalum  Phosphides 


NhP„  TftPj,  NbP,  TaP 

^^Tbeee  iriiospbfdes  are  prepared  by  syniheslo  from  the  elO“ 
etther  In  a “Farad^  apparatus'*  (see  Part  I,  p,  76)  or  by 
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beating  a mixture  of  metal  poivder  and  P In  an  Al^ . crucible,  9a 
either  case  the  reactor  Is  a sealed,  evacuated  (juaita  tube. 

Nb  + F (2P)  = NbP  (NbPj) 

92.9  31,0  (3J.0)  1S3,9  (154.9) 

Ta  + P(2P}  = TaP(TaP,} 

180.9  31j0  (fta.0)  ail.9  (2^2,9) 

In  the  “Faraday  method,"  that  end  of  the  tube  which  contains 
the  P is  heated  to  4S0-53{I*C,  while  that  containing  the  metal  Is 
heated  first  to  TbO^C  and  then  to  950  to  1100*C. 

m the  method  which  uses  a mixture,  a fast  onset  of  the  reaction 
eometltnes  leads  to  explosion  of  the  sealed  tube,  particularly  if  the 
P content  of  the  reactant  mixture  la  high. 

The  lower  phosphides  can  also  be  obtained  hv  degradation  of 
products  higher  in  phosphorus.  This  is  done  In  high  vacuum  at 
650-800  "C. 

PROPEHTEES; 

Black  to  dark-gray  substances;  fairly  resistant  to  common 
reagents,  vigorous  reaction  only  with  cone,  H^O^;  in  the  case  of 
products  high  in  phosphorus,  also  with  cone.  HNO^.  Completely 
decomposed  by  fusion  with  alkaline  oxidizing  agents,  d:  TaP^ 

TaP  10,85, 

REFERENCE; 
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Niobium  end  Tantotum  Carbides 

I.  aj  Pure  products  must  be  eyntheslzed  from  the  elements. 

Nb+C^NbC;  Ta  + C = TaC  ' .,i 

92.9  ISLO  104.9  180-9  12,0  192.9  ■„  ■'  f 

Intimate  mixtures  of  Nb  or  Ta  metal  powders  (or 
hydrides  with  carbon  (ns  ash-free  as  possible)  are  pUow^ii* 
graphite  boats  or  graphite  crucibles  and  heated  in  a vacuum  or  i3 
an  Ha  atmosphere.  Reaction  temperatures  vary  between  1400  and 
2lOO“C.  When  a tubular  carbon  furnace  is  used  as  the  heat  source 
and  an  Ha  stream  as  the  protective  gas,  the  carbon  content- eC^tbb 
mixtures  should  be  15-20%  lower  than  stolehiometrie;  tWb 
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the  heatlne  eausea  the  Ha  to  react  with  the  carbon  of  the 
SSSm  Mkd  the  boat,  aad  the  resultant  hydrocarbons  supply  the 
]Sa^i  carbon  needed  to  achieve  the  desired  composition 

jtaTddltlonal  purification  of  the  carbide  powder  can  be  obtained 
by  spring  (see  TIN.  p.  1233  f-).  For^rposes  of  presinterl^  the 
^rfakto  nmvder  Is  pressed  Into  pellets  which  are  embedded  In 
k«se  earWde  powder  to  protect  them  from  chemical  agents.  These 
peUete  are  thM  presintered  at  a temperature  of  2500- 3000 "c  for 
i^t  15  minutes.  The  subsequent  high-temperature  sintering  in 
aigon  at  above  3000*C  produces  “self- purification*'  because  of 

vulaUllsatlon  of  Impurities.  ^ :r.  ^ j i.  ^ ^ 

b)  For  small  quantities  of  carbides,  Mb  (or  Ta)  wire  is  heated 
at  temperatures  exceeding  2500  "C  In  an  H,  atmosphere  which 
ootttalns  small  amounts  of  hydrocarbon  vapors.  The  presence 
of  Na  HO  little  difference  that  up  to  80%  of  the  be 

replaced  by  N,.  Suitable  hydrocarbons  are  toluene,  methane  and 
acetylene.  The  nascent  carbides  formed  may  lose  carbon  at  the 
high  temperatures  if  the  CH*  content  of  the  gas  la  less  than  about 
or  that  of  CsHa  Is  less  than  about  Va%. 


n.  The  carbides  can  also  be  obtained  by  reacting  the  oxide  with 
carbon. 


NbO.  -h  3C  = NbC  + 2CO 

1M.9  3Sn  W.9  ,mo 

Ta.0.  + 1C  = 2TaC  + SCO 

441.9  84.1  38£.3  140.1 

The  respective  powder  mixtures,  in  Mb  or  carbon  boats,  are 
reacted  at  1350-2300°G  in  an  stream.  At  2300 "C,  a one-hour 
beating  is  recommended.  When  caiHoon  tubes  or  boats  are  used 
as  in  method  la,  the  mixture  may  be  less  than  stoichiometric  with 
respect  to  carbon.  The  products  may  be  further  purified  via  the 
above-cited  sintering. 

Altermte  methods:  Crystal  growing  procedures, 

a)  A carbon  fiber  Is  resistance-heated  to  above  30OO*G  with 
current.  The  fiber  Is  in  a “reaction  lamp,"  which  also  holds 
thoroighly  degassed  TaClg  (this  process  cannot  be  used  with  KbJ, 
The  quantity  of  TaCl^  need^  is  difficult  to  measure  out  (also,  wltii 
excess  chloride,  free  metal  or  lower  carbides  are  formed  on  the 
incandescent  fiber}.  At  any  rate,  this  process  may  be  followed  by 
^rbldlzatlon  In  the  presence  of  Hg  and  a hydrooaxbon  vapor 

Bargers  and  J.  C.  M,  Basart,  Z,  anorg,  al^,  Chem.  215, 
2»7  Od34>]. 

b)  Carbide  may  also  be  deposited  on  a tungsten  wire  eiqjosed 
siU0b*'23d0°C  and  0.1  mm,  Hg  to  an  Ha  carrier  gas  containing 
•■sU  anwoMa  of  Tad*  (MbClg)  and  toluene  vapor.  However,  this 
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carbide  product  will  contain  a large  amount  of  free  tnetal  and  tnui 
be  subjected  to  a poetcarbidization  treatment  [K.  Becker  and  H*. 
Eweot,  Z.  techn,  Physlk  U,  148  (1930);  K.  Mbera^  onotg,  allg, 
Chem,  198,  243  {1931)], 

g)  According  to  a patent  [D^  Gardner,  U-S^  Patent  2»S32,2S& 
(1946/50}J,  the  pentaohlo rides  can  be  reacted  with  Hg  and  carbon 
derivatives  such  as  CCl*  or  CaC^  even  at  600  to  700*G^ 

LOWER  CAHB[DES 

Most  preparative  methods  describe  the  synthesis  of  carbides 
of  the  limiting  composition  NbC  and  TaC.  However,  method  I (or, 
if  properly  executed,  also  the  above^descrlbed  ciystal  growing 
procedure)  also  gives  products  with  a low  C content,  products 
corresponding  to  the  lower  carbides  Nb^  (and  Ta^), 

PBOPESTIES: 

Iron- gray  to  dark- gray  powders;  the  sintered  solid  exhibits  a 
bright  metalilG  luster;  tarnishing  frequently  changes  the  aurface 
color  to  brown  to  yellow.  Does  net  lose  carbon  at  high  tempera- 
tures In  the  presence  of  hydrogen,  provided  a small  amount  of 
hydrocarbons  is  present  in  the  gas  (see  methodlb).  Stable  to 
to  about  330O*C.  Quite  sensitive  to  O3  and  HgO  on  heatiog*  undoJf- 
going  rapid  oxidation  above  S00*C  in  air.  Not  very  volatile  In  hi^ 
vacuum  up  to  30<i0*C* 

NbC:  m.p,  35  0 0*C;  d 7.6. 

TaC:  m.p,  3900*C;  d 13,9, 
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Chromium.  Molybdenum,  Tungsten,  Uranium 

F.  HEIN  and  5.  HERZOG 


ChroFfttam 

Cr 

j CtiOj  2r  Al  ~ ^ Cr  "T  AlfOs 

152.0  1^-0 

An  intimate  mixture  of  70  gi  of  pure  ignited  Cr^Ont  S3  g,  of  Al 
granoles  (or  Al  powder),  and  25  g.  of  fused  and  powdered  KgCraO, 
is  placed  in  a clay  crucible  whose  bottom  ie  covered  with  10  g*  of 
CaFs^  The  mixture  is  caused  to  react  by  means  of  Ignition  mixture 
and  a strip  of  Iy!g,=*"  After  coolingi  the  contents  of  the  crucible  are 
broken  up,  and  the  spheres  of  metal  are  mechanically  extracted^ 
This  gives  about  99%  pure  chromium  metal  in  50™75%  yield  (the 
larger  the  quantity  of  reactants,  the  better  the  yield)* 

IL  2K=[CrCl*{H^)]  3Mg  = 2Cr  4-  3MgQi  + 4KG1  + 2H,0 
SSl-O  37.0  ](M.O 

The  K2[CrCl6(H30)]  Is  obtained  by  dissolving  100  g.  of  K^CraO? 
in  the  minimum  quanti^  of  water,  treating  the  solution  with  400  mU 
of  HCl  (d  1*1241,  and  gradually  adding  100  ml,  of  80%  alcohol.  The 
reaction  Is  accompanied  by  vigorous  evolution  of  heat.  Then,  170  g- 
ef  KCl  Is  added  and  completely  dissolved,  the  mixture  filtered f 
and  the  filtrate  evaporated  to  dryness.  The  mass  is  then  completely 
dehydrated  by  further  heating.  The  resulting  violet  solid  is  then 


*T1ie  Ignition  mixture,  called  “Zundgemisch"' or  “Zundkirsche” 
(IgnitiDg  cherry),  consists  of  an  intimate  mixture  of  15  parts  by 
weight  of  barium  peroxide  and  2 parts  of  powdered  magnesium 
meial  held  together  with  collodion*  The  whole  is  wrapped  in  mag" 
DMfuin  ribtKm,  which  acts  as  fuse  (R,  Bliichor,  Auslninftsbuch  fiir 
ilto  cbemfscbe  Inditstrie  [Data  Book  for  the  Chemical  Industry),  iSth 
et,  de  Grtqler,  BerUn,  1954*  p,  1314), 
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ground  p and  any  ^een  portiork^  are  removed  ai»  completely  aA 
possible,  Tbe  potassixun  chromiura  (lU)  uhlOTtde  Ihus  obtaloeil  is 
mixed  with  60  g,  oi  Mg  filings*  The  mixture  is  placed  In  a cohered 
Hessian  crucible,  brought  tq  red  heat  and  held  at  this  ten^ratwe 
for  one  half  hour.  However^  not  all  of  the  KCl  must  be  allowed  to 
volatilize,  otherwise  a fraction  of  the  Cr  will  be  codwerted  to  the 
oxide  and  will  contaminate  the  product*  After  this  calclnatlonj 
crucible  is  cooled  and  broken.  The  shards  and  the  particles  of 
green  chromium  oxide ^ which  appear  on  the  surface  Of  the  gray- 
black  melt,  are  removed.  The  mechanically  cleaned  mass  is  then 
placed  in  water*  where  it  crumbles  to  a pov^er.  The  soluble  salts 
are  removed  by  decantation*  The  residue  Is  boiled  with  dilute 
nitric  acid  to  remove  the  excess  Mg  {and  the  MgD  which  has 
formed  from  It)* 

Any  Mg(N03)a  and  excess  acid  present  are  separated  by  further 
decantation;  filtration  is  not  recommended  because  of  the  Une 
particle  size  of  the  metal.  The  Cr  residue  is  dried  on  a steam  hathi 
Yield  about  37  g*  of  light-gray*  microcrystalllne  powder  whose  Cr 
content  is  99*6%, 


llh  PLFCTROLYSJS 

The  electrolytic  cell  consists  of  a beaker  with  a copper  cathode 
rod  suspended  in  the  center*  A lead  sheet  or  a coil  of  lead  tubing 
placed  along  the  wall  of  the  cell  serves  as  the  anode;  if  the  latter 
arrangement  Is  used»  cold  water  is  circulated  through  the  tubing* 
The  electrolyte  consists  of  a solution  of  240  g.  of  CrO®,  3 g.  of 
Cr 3(304)3  - 12  HgOi  and  B.8  g,  of  Cr(OH)a  * 3 HaO  In  one  liter  of 
water,  A current  density  of  0*10  amp. /cm,®  and  a potential  of  3i.2 
volts  are  used*  It  Is  essential  that  the  electrolyte  remain  undls** 
turbed  (no  stirring)  diuring  electrolysis*  The  thick  layer  of  Gr 
which  forms  on  the  cathode  in  a few  days  is  readily  stripped  p££» 
If  it  should  prove  necessary  to  remove  the  Kg  which  accumulates 
In  the  metal  voids  during  deposition  of  the  Cr,  the  product  should 
be  heated  to  600  “C  In  high  vacuum* 

IV,  Ductile  Cr  is  obtained  from  CrCl^  and  Ca  in  a steel  bo^ 
under  argon*  For  details  of  the  method*  see  section  on  TitaaiujsVr 

P-1161.  "^'4 

■ / 

PnOPEflTIESi 

Atomic  Wfligbt  52.01,  Solid  Cr  has  a silvery  luster;  very  bard  Wftd 
brittle,  but  very  pure  Cr  is  ductile.  M.p.  about  1920*C  (la  vacttuiii)i;> 
h.p.  about  2200  *Cj  7.138.  Bo^^-oentered  cubio  orysfeBitft* 

hexagonal  form  also  exists.  ■ ' ' '' 


F>  HEIN  AND  S,  HERZOS 


IIL 

IV* 


, C.  Jud«r.  l^l)»»li  Mr 

fcookof  Iaorg.Chein.  PriWJtloa].  Stlied.,  19«.  P.  188* 

HIMnk.  Eterst,  der  MeteH®  Sm  Laboratortum  [Preparation  of 
Metals  ta  the  Laboratory).  Stuttgart,  193B,  p.  66. 

Private  con^munication  from  ^of  G.  Gi^be  See  H Haraldson 

and  E,  KowaJal^y.  Z-  ° ^ 

W,  KrolL.  Z.  anorg.  allg.  Chem.  2^,  23  {1335). 


Chromiunn  {llj  Chloride 


CiCl, 


L CiGtj  + '/jHt  — CrClt  + HCl 

ISM  i' 

The  special  vessel  (2«5  ^ 50  cm..  Pig.  3 13)  used  for  the  reduction 
is  made  of  high-melting  glass.  For  reasons  of  safety  it  is  first 
haitftri  in  vacuum  at  530 *C  while  empty,  is  provided  with  a two- 
bole  rubber  stopper,  through  which  the  outlet  tube  a and  the  longer 
inlet  tube  b (fi-mm.  diameter)  are  Inserted,  The  reactor  is  charged 
with  CrCU  (prepurified  by  aubllmatlon  in  a stream  of  Cla).  The 
tube  Is  heated  to  500*0  in  a thermostatically  controlled  electric 


Fig.  313.  Preparation  of  chro- 
mium (m  chloride,  b inlet  tube 
for  hydrogen,  H3-HCI  miitture,  or 
nitrogen;  d stopcock  wlthlO-mm. 
bore  for  withdrawal  of  reaction 
product. 

&rnaoe,  while  a mbrture  of  Hg  and  HCl  (the  latter  serving  to  hinder 
any  further  reduction  to  Cr)  is  admitted  through  (the  dry,  Og-free, 

^ mI«/bi1ii,  gas  Btreams  are  mixed  in  a tee  prior  to  Introduction 
i>to  tbs  S{qiaratus),  The  outlet  tube  o is  connected  to  a dryli^  tube 

wtth  C^lg.  To  test  for  completen^s  of  TCduction.  the  furnace  ■ ^ 

Is  mDoned  brteOy  from  time  to  time  (pure  CrCla  is  white).  When  ^ 
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the  reaction  Is  complete , the  furnace  is  cooled,  the  Ha-HCl  mix- 
ture displaced  with  dry  or  CO  a*  and  the  Inlet  tiibo  puUod 
back  until  its  tip  Is  at  the  rubber  stopper*  The  reactor  tube  la 
then  melt- sealed  at  constrictVon  c*  Any  required  quantity  of  CrCin 
can  be  shaken  out  of  the  tube  through  the  lO-mm.^bore  stopcock  rfj 
in  thi5  operation,  the  CrClg  must  always  be  under  dry,  Qg-foee 
inert  gas,  which  is  admitted  through  stopcock  e,  (For  speolsl 
apparatus  for  storage  under  Inert  gas,  see  also  Part  I,  pp,  71  and 
75*> 


II*  Cr  ’T  2Ha  = CrCJ,  + H, 

Sa.O  4441-  J33.9 

A small  porcelain  boat  is  charged  with  pea-si£ed  piecee  (or, 
better,  powder)  of  metallic  Cr  and  Inserted  in  a quartz  re* 
actor  tube.  Dry,  Og-free  HCl  Is  passed  through  the  tube,  which  is 
heated  to  as  hl^  a temperature  as  possible  (1150  to  1200*C)-  On 
cooling  in  the  HCl  stream,  an  asbestoslike  mass  of  white  (or.  If 
Impure,  gray)  crystalline  needles  of  CrCU  is  obtained*  Because 
of  its  toughness j the  mass  is  very  difficult  to  remove  from  the 
boat-  The  preparation  must  be  sealed  as  rapidly  as  possible  Into 
a sample  tube  filled  with  or  COsJ  if  this  is  not  done,  the 
anhydrous  CrCl^  is  rapidly  hydrated  by  atmospheric  moisture, 
after  which  oxidation  also  occurs  at  once-  Because  of  its  high 
melting  point,  some  metal  may  be  trapped  within  the  chloride  and 
thus  remain  unreacted* 

ether 

DL  Cr,(CH*000),  + 4HQ  = 2CrCl,  + 4CH,COOH 

340.2  U54  245.9 

Ten  grams  of  fine  chromium  (II)  ajcetntehydrateCra(CH3COO)4  ' 
2 H^O  crystals  is  dehydrated  in  a three-neck  flash  at  110  to  120 *C 
(aspirator  vacuum)  ^ the  color  changes  from  brick- red  to  brown- 
Then,  60  mL  of  air-free  ether  is  added  and  dry  HCl  is  passed 
through  the  vessel  with  the  suspension  (the  vessel  Is  In  an  ice  bath 
and  is  protected  against  atmospheric  moisture  by  a P^5  tube)* 
After  several  minutes,  a violet  color  Is  observed  In  the  solution, 
and  the  chromium  acetate  powder  is  transformed  (with  an  increase: 
in  bulk)  into  chromium  (U)  chloride  which  stlU  contains  some 
acetic  acid-  The  flask  Is  swirled  during  this  operation  to  prevent 
clogging  of  the  inlet  tube-  The  white  crystals  are  filtered 
absence  of  air,  washed  with  absolute,  Bdr*free  ether,  anddni^d 
at  110  to  120  The  acetic  acid  Is  thus  eliminated,  and  pure 
analytically  pure  CrCla  is  obtained  as  a residue*  Yield  4*5  g,  - " “ 

PROPERTIES: 

White  crystals  or  fused,  fibrous  mass*  M*p-  834 2-7Slv 
Very  hygroscopic.  Can  be  sublimed  In  vacuum-  Dissolves  readi^ 
in  water,  giving  a sky-blue  solution* 


Him  ANO  5.  HEnZCG 


L J tleschjce.  Thesis,  Unlv.  of  Leipzig,  1925.  p,  43;  F.  Hein.  z. 
akonr.  Chem-  31*  (1931);  F.  Ephraim.  Helv,  Chim. 
Acta  11,  291  (1934);  A.  B,  Burg  in:  L.  F.  Audrietb.  Inorg. 
SvTttb^s.  Vol,  III,  i^ew  York- Toronto- London.  1950.  p.  150. 
IL  J Koppel.  Z.  anorg.  Chem.  3^1  (1905);  W.  Blitz  and  E, 
Blrt^r  aiiorg.  allg,  Chem.  ISi,  134  (1924);  W.  Fischer.  Z. 
anorg,  allg.  Chem.  m>  (1935);  H.  Heoht.  Praparattve 
Anorgatilsche  Chemle  (Preparative  Inorganic  Chemistry], 
Berlin-Gottlngen- Heidelberg,  1951,  p,  80, 

HL  Private  communication  from  F.  Hein,  E-  Kurras  and  W.  KJein- 
imchter  (unpublished). 


ChfoBiiifm  (III)  Chloride 
CtCi, 


I,  2Cr  + set,  = 2CrCl, 

104-0  Se-Oi  316.S 

Coarse  Cr  metal  powder  (10-30  g.)  is  placed  in  a 50-cm.-long 
and  3-cm,-I.D,  horizontal  porcelain  reactor  tube,  which  is  heated 
in  a blast  lamp  flame.  It  is  essential  that  all  residual  air  be 
displaced  by  a fast  stream  of  completely  dry  Cl  a least 

ball  an  hour  prior  to  introduction  of  the  Cr).  The  temperature  is 
then  raised  as  high  as  possible;  the  tube  Is  allowed  to  cool,  and 
the  da  is  displaced  with  dry  COg,  Violet  leaflets  of  CrCla  form, 
with  a large  increase  in  volume  (to  avoid  plugging  the  tube  as  a 
result  of  this  volume  increase,  the  Cr  reactant  should  be  distributed 
over  a long  stretch  of  the  tube). 

The  CrClg  is  purified  Igf  sublimation  la  the  stream  of  CI3,  then 
repeatedly  boiled  with  oonc.  HCl,  washed  with  distilled  water  until 
disqjpearance  of  chloride  reaction,  and  dried  at  20fi  to  250  *C. 

The  hl^  subtimation  temperature  of  over  1200''C  Is  a disad- 
vantage of  this  method.  Under  certain  conditions  the  prooelain 
tube  ^ be  markedly  corrcjded  in  this  operation  and.  In  addition,  It 
“ plugged  as  a result  of  the  large  volume  Increase  occurring 
tel^g  the  formation  of  the  chromium  (m>  chloride.  The  following 
«wod.  Id  which  green  chromium  (in)  chloride  hydrate  is  de- 
byuiiued  in  a stream  of  CCI4  at  609’C,  avoids  these  difficulties, 

■.  OVEBALL EQUATION: 


fQrC4(OH,j4ja-2HtO  - CiCl,  + eH*o 
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SIDE  AND  [NTERMEDIATE  REACT[ONS; 

a[Crai(0Hr}i]a'2H,0  = Cr,Oi  + 6 HCl  *f  9Hrf) 

GfiOi  "H  aca  - 2CrClg  + 3COC1, 
aCr,0,  -f  ca*  = 4CrClj  + CO* 

Thus  I one  by-produot  is  phosgene » which  muet  be  OftreMUy 
vented  {use  a hood!).  Simple  absorption  in  water  to  not  adequate^ 
since  the  hydrolysis  is  not  instantaneous. 

The  apparatus  is  shown  in  Flg^  314.  Forty  grams  of  green 
chromic  chloride  is  placed  in  quarts  flask  c,  which  is  placed  in  an 
electric  furnace  capable  of  delivering  650 The  apparatus  fop 
generating  and  superheating  CCl4  vapor  is  then  attachedp  This 
apparatus  consists  of  the  250- ml.  distilling  flask  a With  its  super- 
posed dropping  funnel  and  a XJ  tube  Immersed  In  a silicone  oil  bath 
at  ISO^C. 


Fig*  314,  Dehydration  of  obromium  (HI)  chio« 
ride  hydrate  with  carbon  tetrachloride^ 

After  brief  heating  of  the  furnace  {flask  temperature  of  100^ 
150"C),  one  drop  of  CCU  second  is  admitted  from  the  dropping 
funnel  into  flask  o,  which  is  heated  with  a Bunsen  burner  in  such  a 
manner  that  each  drop  vaporizes  at  once*  After  some  time  (furnace 
temperature  of  about  300 *C)#  a mixture  of  water^  CCI4* 
distills  over.  It  condenses  in  d;  the  noncondensing  gases  (including 
phosgene)  are  vented  through  the  hood*  After  some  two  hours  of 
reaction,  when  the  furnace  temperature  has  reached  S60*C,the  gas 
stream  is  Interrupted  and  the  apparatus  allowed  to  cool*  The 
anhydrous  CrCl^  remains  in  the  flask  In  about  90%  yield  (some  of 
it  sublimes) « The  lustrous  violet  orystailine  leaflets  are  extracted 
with  boiling  dilute  HCl  and  dried*  About  30  g,  of  ohromium  (EH) 
chloride  is  obtained- 


r*  HIIN  S*  HERZOG 


Formula  weight  158.38.  Red-violet  crystalline  scales  with 
luster.  M-ix.~1150"C.  May  be  sublimed  iti  Cla  atreamj 
rate  of  solution  in  water,  acids  and  organic  solvents  jinmeasiffably 

slow.  Addttionofavery  small  amount  of  Cr  Cl  2 aids  in  rapid  solution 

ot  CrCls  ^ wftler  or  alcohol* 


REF£B£:MCES; 

PrivSrtfi  conunufllcatloji  from  H*  Hscbt,  Groifswald*  F*  H&iiu  2. 
anorg-  ailg*  Chcm^  201*  314  {1931)* 

IL  G*  BwHeislg^B*  FaW'iccsandll^Heclinin:  W*  C*  Fomelius,  Inorg, 
Syntheses,  Voi.  II,  New  York’ London,  1946,  p*  193;  A*  Vavouiis 
et  ai.  Ibid,,  VoL  VI.  New  York-London,  i960,  p,  129, 


Chtomiom  (M)  Bromide 
CrBr, 

L CrBr.  + 0.5  H,  --  CrBr^  + HBr 

291.S  IfJlt.  ^li.S 

A weighed  quantity  of  CrBrg  is  reduced  to  constant  weight  In  a 
U tube  at  350-400 "C  for  G-lO  hours.  The  most  painstaking  puri- 
fication of  the  H3  is  essential  for  success.  For  uniform  heating, 
the  U tube  is  surrounded  with  an  asbestos  box, 

eEih&r 

B-  Cr-(CH,COO)g  + 4 HBr  - 2CrBr,  + 4CHiCOOH 

323.7  4^.7 

The  procedure  Is  the  same  as  for  chromium  (II)  chloride 
(method  in),  but  hydrogen  bromide  la  used  instead  of  hydrogen 
Chloride. 

PSOPEStieS: 

White  crystaliiae  powder;  d%®  4.356.  Soluble  in  air-free  water, 
yielding  a blue  color.  Rapidly  oxidized  In  air. 


SeFEHCKCES; 


L 

O. 


w,  Bfltz  nod  Blrk.  Z.  anorg.  aUg.  Chem,  134,  134  (1924); 
w,  Fischer  and  R.  Gewehr.  Ibid,  309  (1935), 

Afrate  Oddtnttnlcatloii  from  F,  Hein,  E,  Hurras  and  W. 
waehutr  fmiiMbUBhed),  ^ 

j 
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Chromium  (Ul)  Bromide 

CrBfl^ 


mi 


■ >P! 

2Ct  + 3Brj  2CtBT) 

104.0  470.S  SS0.5  ’ ' 

Bleotrolytio  Cr  powder  le  spread  in  & thin  layer  in  a quarts 
reactor  tube  and  bromine  vapor,  predried  over  P;^c,  tfl  passed 
over  the  Cr  In  a stream  of  Og-free,  dry  Ng  or  At*  The  quartz 
tube  is  heated  to  about  1000 whereupon  the  two  elements  combine 
with  Incaxidescence  at  the  beginning  of  the  reaction.  The  unconverted 
Brg  Is  condensed  in  a receiver  cooled  in  tee- salt  mixture*  After 
45"60  minutes,  the  material  Is  allowed  to  cool  while  nudntalnii^ 
the  gas  stream.  The  lustrous  black,  leafy  crystals  of  CrBr^  are 
purified  by  several  extractions  with  absolute  ether  and  decantations 
with  ice  water  (to  remove  traces  of  adbering  CrBr^}.  This  Is 
followed  by  washing  with  ateolute  alcohol  and  ether;  the  product 
is  dried  In  a vacuum  desiccator  over  PgOp* 

PflOPEHTteS; 


Formula  weight  29I.7G,  Black  lustrous  crystals,  green  in 
transmitted  and  reddish  in  reflected  ligfht*  Soluble  in  water  only 
upon  addition  of  Cr  (II)  salts. 


HEFKBENCES: 


J*  Reschke,  Thesis,  Univ*  of  Leipzig,  1926;  F*  Hein  and  L WintnCtv 
ifolder,  Z,  anorg.  allg,  Chemi  S}I,  319  (1931).  " 


Chromiuin  (11}  Iodide 
CrL 

Cr  + It  CrI, 


:-0 

^ 

■ 

fVJ 
. . J'-t 

: ■ 


The  starting  materials  are  electrolytic  Cr  reduced  to 
of  millet  seed  and  I a rosublimed  over  IQ  (see  p.  S77)i- 
paratus  is  shown  in  Fig*  316,  The  quartz  reactor  tnbe  W 
overall  length  of  about  56  cm*  and  an  LD,  of  2 citi-  (2.6  cm.-  at  t3^ 
bulged-out  section).  The  tube  ends  (on  the  right  side  of  the 
in  a quartz  capillary  spiral  which  is  somewhat  oonStrfC 
on  the  opposite  side,  it  can  be  closed  off 
ground  joint  oonneoted  to  stopcock  h^m  TM 


»»u 


^ h - to  a tee  adapter;  thus,  it  can  be  in 

iir*S2fr  wlh^rhTgh-vacuum  system  (via  stopcock  h^)  or  with 
stopcock  =f  which  to  turn  leadeeither  to  the  N,  source 


or  to  A vacuum  oil  pump- 

The  movable  tubular  resistance 

quarts  reactor  at  any  desired  spot. 


furnace 


o serves  to  heat  the 


Fig-  315,  Preparation  of  chromium  (U)  ioditie* 
a quartz  reactor  tube;  s boat  wither;  o elec- 
tric furnace:  ^ cold  trap* 


First,  a trace  of  very  fine  Cr  powder  is  placed  in  the  tip  of  the 
capillary  spiral,  and  then  la  (10%  excess  over  the  stoichiometric 
quantity)  Is  placed  in  the  slightly  inclined  tube  section  A small 
porcelain  boat  with  the  Cr  Is  placed  in  the  bulge  5*  Trap  k is  now 
cooled  to  ~80*C  and  the  apparatus  Is  evacuated  (with  stopcock  s 
closed)  to  < 0,001  mm- 

The  vacuum  is  then  broken  with  and  the  evacuation  repeated 
(this  procedure  is  repeated  3 or 4 times)-  Stopcock  is  closed  and 
the  Cr  powder  at  the  tip  of  the  spiral  is  heated  with  a torch  to  a 
bright  red  glow  to  bind  the  last  traces  of  Oa*  Then  the  tube  furnace 
is  set  in  place  over  apot  s and  the  Cr  heated  at  700  to  850*Cj  to 


minimize  undesirable  heat  losses,  asbestos  paper  (not  shown  In  the 
figure)  is  placed  in  both  furnace  openings*  As  the  now  diffuses 
slowly  toward  the  Cr,  the  nascent  Crlg  solidifies  as  a crystalline 
mass  at  both  sides  of  the  tube  protruding  from  the  furnace*  This 
slow  procedure  yields  very  beautiful  leaf-  or  needle-shaped  red- 
brown  to  iodine-colored  crystals*  At  the  be  ginning  of  the  iodination, 
f coating  always  forms  on  the  colder  portions  of  the 

tute;  material  is  more  volatile  than  Crl*  and  converts  to 
Cria  at  l^her  temperatures,  evolving  iodine*  Even  though  the 
™ ^^particularly  volatile,  the  crystal  deposit  extends 

^ the  hot  zone.  By  gradually 

crystfliltoo  deposit  is  shifted  away  froto 
frrtm  .1  Situated;  in  this  way,  one  prevents,  it 

naiUon  a dense  and  provides  a surface  for  fresh  deps 

SStetarUmf^H^^  P^ooedure,  almost  allthela  is  introduced 

little  ^ “tile*  with  the  long heatingproduoing  a type  of  resubltoatio;? 
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and  yielding  beautiful  single  orystals.  Such  a run  takes  8*14 
some  unxeaoted  metal  la  etlU  invariably  found  after  this  time  fli 
the  bottom  of  the  boat,  because  the  sublimation  of  Crlg  fs&m  the 
(protective)  melt  is  very  slow*  When  the  lodlMtlon  bae  pro* 
ceeded  as  far  ae  possible , the  excess  la  must  be  displaced  before 
the  Crig  itself  can  be  removed-  Thus,  the  reactor  Is  oonneoted 
to  the  high  vacuum  (via  ft 3),  with  the  cold  trap  at -^80 "C-  Thel^ 
is  driven  off  by  careful  fanning  with  a flame  {250-300*C>  and 
continuous  evacuation.  Evacuation  is  continued  after  complete 
removal  of  the  until  the  quartz  tube  is  coolf  the  apparatus  is 
then  closed  off  at  ft^. 

Transfer  of  the  Crl,  from  the  reactor  requires  great  care, 
since  the  compound  is  extremely  sensitive  to  air  and  moisture* 
Further*  the  solid  material  possesses  a relatively  large  surface* 
The  following  procedure  is  the  safest:  The  vacuum  l3  broken 
with  compressed  Ns  via  ft  and  pressure  above  atmosphorlo  Is 
created  in  the  apparatus*  The  quartz  eapUlary  is  then  broken  otf 
at  q and  this  opening  is  attach^  to  another  connection*  The 


Fig*  316.  Transfer  of  chromium  (II)  Iodide 
following  its  preparation,  a reaction  tube 
of  Fig*  315;  p porcelain  boat  with  front  wall 
broken  off  (scoop). 

Joint  with  ft].  Is  then  removed  and  the  adapter  tube  h Is  Inserted  In 
Its  place,  as  shown  la  Fig*  316  (an  Kg  stream  also  passes  throu^ 
ft)«  The  adapter  carries  at  one  end  the  same  stEndard  taper  Joint 
as  ftxi  the  other  end  two  short  connectors  m and  n*  Ad 

stream  enters  at  ^ a long  glass  rod,  the  forward  end  of  which  Is 
bent  into  a small  hook,  is  introduced  throu^  m*  This  hook  sup- 
ports a fairly  large  porcelain  boat  whose  front  wall  is  broken 
off  at  a sharp  angle.  The  boat  is  of  such  a size  that  It  fs  BtUl  able 
to  move  in  the  quartz  reactor.  Now,  with  the  fast  Kg  stream 
always  maintained,  this  < ‘dredge’*  is  pushed  forward  tbroujjithe 
loose  crystal  aggregate,  whereupon  most  of  the  latter  drops  into 
boat  s*  This  operation  is  aided  by  gentle  tilting  and  tapping  of  the 
reactor.  The  filled  boat  a is  now  pulled  back  into  the  adapts 
the  adapter  is  quickly  detached  from  the  reactor  ahd  clOse^S  off 
with  a ground  cap.  Finally  tke  boat  with  the  Crlg  Is  transferred 
for  storage  Into  a tube  provided  with  a ground  joint  (see  Parti, 
p*  75);  ag  a precaution*  this  tube  Js  evacuated  seveiral 
then  filled  with  Kg  (slight  gage  pressure).  All  of  these  epsTatt^ 
must  be  carried  out  in  sequence  and  without  undue  delay.  ^ 


IM4 


F*  HEfcN  AND  S,  HEftZDC 


fMMATl£S{ 

BfWHL-Md  teiflets;  thin  leaflets  are  somewhat  transparent, 
UilolE  trusts  often  have  an  lodineJlke  color.  Very  sens  itive  to 
air  moisture,  easily  soluble,  with  bright  blue  color,  in  air- 
free  water.  M.p.  79<1-7SS*C;  d®5  5.023. 

HCnSBENCEt 

F-  Hein  and  G*  Bahr*  Z*  atiorg^  allg*  Chem*  25 241  (1943). 


Chromium  (III)  ^oc^i(lo 
CrI, 

2Cr  4-  Git  aCrIa 
t(>4.0  T61.5  S6S.5 

The  apparatus  (Fig-  317)  is  made  of  hJgh-meltlng  glass.  The 
diameter  of  the  tube  at  e.  f and  h Is  25-30  rom.  Three  grams  of 
fine  chromium  metal  powder  (electrolytic  chromium  is  best)  is 
introduced  Into  and  an  excess  (30  g.)  of  iodine  into  K Then  k is 
sealed  off  and  the  apparatus  is  evacuated  to  appr,  10"®  mm.  (with 
occasional  gentle  heating)-  The  iodine  is  now  sublimed  into  / by 
cooking  the  latter  section  (Dry  Ice)  and  beating  h (during  this 
operation  stopcock  b is  turned  off  and  on).  Following  this*  g is 
sealed  off  in  high  vacuum , and  then  d is  sealed  off  as  well. 


Figi  317*  Apparatus  for  syDiihesis  of  chromium 
(in)  iodide, 

Nm  sections  e and  f are  enclosed  in  separate  tubular  furnacee; 

47S“C,  and  / for  the  same  period  ai 
pressure  of  Iodine  at  this  temperature 
3 atmO  The  apparatus  is  then  allowed  to  cooi,  flU>d 
S£**?^!S!^***^***“  ^ sublimed  outfcoma  (which  Is  held  at  100-S) 
f toeid  at  room  temperature).  The  tube  is  then  broken,  in 
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^..iA 


&i  CQnstrictioii  I (careful  t}^  The  material  l9 
suitable  storage  vessel,  v^Moh  is  then  evacuated  for  smnettai^J^  ! 
remove  the  last  traces  of  Iodine,  The  yield  is  almost  quantltetlm^ 

If  necessary,  further  purification  may  be  achieved  byJbiepttaiig 
for  several  hours  at  500 *C  in  an  evacuated  quartz  tube^ 
operation  yields  chromium  {!!}  iodide;  the  iodide  caii  be 
in  vacuum  at  T00*'C  and  finally  relodlnated  as  described 
above,  ./  , 


PAOPEfttffiSi  ' ^ 

r' 

Black  crystals;  dissolve  rapUUy  in  water  upon  addltioa  ofatoiii^ 
Or  (llj  Iodide.  Stable  at  room  temperature;  tfaeimally  dlsaocUtetl 
at  higher  temperatures  according  to:  2 Crl,  - i Crl^  +.1^^  Tike 
iodine  pressure  reaches  1 atm,  at  about  670*C. 


REFERENCES: 


L.  L.  Handy  and  N,  W.  Gregory.  J.  Amer.  Chem,  Soo.  ^j;  5P49 
(1950) ; N.  W.  Gregory  and  L.  L,  Handy  in;  T.  Moeller.  Inergi 
%ntheses,  Vol.  V,  New  York* Toronto- London,  1957,  p,  128, 

Chromium  (Hlf  Hydroxide  r ^ 


CrtOH),-nH*0 


I.  A‘HYDaOXme  Cr(OH)3  * 3 H20  - 4- 

:v  h 

A solution  of  X2  g,  of  gray-blue  [Cr(HaO)a]Cl3  (for  prerpsrstioh^ 
see  p,  1548  f,)  In  500  mL  of  water  is  treated  with  100  ml.  of  ^ ^ 
ammonia-  After  settling  of  the  precipitate  (centrifuge  if  necessary), 
the  mother  liquor  is  decanted;  the  suspension  Is  filtered  through  a 
leaf  filter,  thoroughly  washed  until  free  of  NH^Cl,  and  dried  iit 
alr- 


PROPEUTKiSt  j 

Bright  blue-green  powder;  gives  blue  salts  of  the  [CrtHaPJaP^ 
type  with  dilute  acids. 


HYDROXIDE  CrCOms  ■ J H^O 

The  procedure  for  the  preparation  of  the  A-hydr03?d^3te^ijfe# 
but  oa©  starts  with  12  g*  green  of  [CrCl;a(HaO)4]Cl  ^ 2 

PROPS  arrs^: 

Dark  blue-green  powder:  gives  green pa4^  o|tbia|Grj[5H:^ 
2 HgO  type  with  dilute,  apidSt.  In  cpnt^^:^t^.  Jo 
hydroxide  is  insoluble  in  ac^lc  aoid^  ..  >:'ti  . 


F,  HEIN  WERZOG 


IL  aOQ,  aCiHiOH  = 2CKOH),  + SCHjCHO  + 3H.O 

( - II  H,0) 

TMs  is  s convenient  method  for  preparation  of  toger  quaatitlea 
«(  0«mJI  T "cluti™.  of  160  <■  of  oro,  io  S liter,  of  ™tor  I. 

alcohol  (8  portions  of  10  ml.  at  5-minute  intervala) 
ITJSS^tbviiorous  stirring  a hood  is  needed!).  After 

same  manner.  The  mixture  is  then  refluxed  for  16  hours  (stirring 
is  remilred  to  avoid  bumping).  The  finely  divided,  dark  brown 
nrecWtote  is  filtered  through  a 24-cm.- diameter  Buchner  funnel 
and  dried  at  llO'C  without  washing.  Yield;  145  to  ISO  g.  Additional 
ottantiUes  (30-36  g.)  can  be  recovered  from  the  filtrate  by  con- 
^tratioa  of  the  latter.  Alternately,  the  Cr-containing  liquid  may 
be  used  as  solvent  (instead  of  water)  in  the  next  run. 


PROFSarlES; 

This  method  affords  a black  product  with  a pitchlike  luster, 
probably  because  of  a small  admixture  of  higher  oxides.  This 
material  has  a higher  catalytic  activity  than  that  obtained  by 
praclpitatloiL 


REFERENCES: 

L A*  Hftntassch  and  E*  Torke*  2,  anoTg,  aUg*  Chem*  2j09,  73  {l932^* 
IL  R.  F.  Ruthruff  in:  W-  C,  Fernelius,  Inorg*  Syntheses,  VoL  II, 
New  York- London,  1946,  p,  l&O, 


Chfomium  Sulfides 


Cr  + S = CrS 
510  ^11  S4.I 

2Cr  T 3S  ^ CriSj 
104.0  9S.E  200,2 

The  sulfldea  are  prepared  lay  heating  exact  stotchlometrlc 
ml^ires  <rf  electrolytic  Cr  (for  preparation,  see  p*  1335)  and 
S for  24  hours  in  evacuated*  sealed  quarts  tubes 

placed  in  an  electric  furnace  at  lOOO'C*  All  of  the  S does  not 
meet  if  heated  for  3-4  days  and  slowly  cooled.  The  product 
1>  freed  e{  enreacted  sulfur  by  banning  with  a Bunsen  flaiKie  while: 
»»uieottWiy  cooling  the  empty  seal-off  point  of  the  tube-  tSS: 
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quantity  of  S which  condenses  In  that  section  is 
rewel^.lng*  and  the  composition  of  the  atOfide  Is  onltnOntetf ^ 
using  this  Yftlue,  h \ 

Cracking  of  the  quarts  tube  during  cooling  trf  preipiatalltnia 
which  are  high  in  S can  be  avoided  by  sealing  the  xeaot^ 
proper  in  a secondp  similarly  evacuated  quarts  tube*  " r 

IL  aCrCla  + 3H*S  ^ CrA  + 6HCI 

318^  200.2  - 

Exactly  stoichiometric  CraSs  may  be  obtalxied  by 
Crda  Ijx  a Btream  of  H 3$  at  BOO-fiSO’C. 

■I  * ; 

PROPCSTIESi 

The  chromium  sulfide  preparations  obtained  via  method  I hhfve 
a metallic  appearance  and  become  fused  at  the  temperature  •pf 
preparation*  The  CrS  possesses  a hexagonal  super sbructime  Qt 
the  B S type,  while  at  59,7  atom%  of  S,  a B 8 structure  with  tl^e 
axial  ratio  c/a  = 1*62^  has  been  ahown  to  exist*  Th^  CraS^  obtaiin^ 
by  method  U consists  of  hexagonal  black  leaflets,  resistant  to 
oxidising  acids*  easily  soluble  In  HNO^, 

HEFEKENCE3: 

L H,  Haraldsen  and  Kdwalsl^*  Z*  anorg,  allg.  Chem;  224> 
331  (1935};  H,  Haraldsen  and  A,  Netibet.  Ibid,  834]  Hs 
(1937),  ^ . 

IL  W,  Riidorff  and  E.  Stegemanm  Z,  anorg,  allg4  Cbenip^5li.§^ft 
(1943), 


Chromium  Nitride 


Or  + VtN,  CrN 

Si,&  U.4  U 6A0 


Electrolytic  chromium  powder  is  heated  for  '2 
900*C  in  a quart*  or  poroeUln  tube  while  a dry/0»^i®ed4S®®ra 
of  Na  is  passed  through*  After  coolji^gp  the  product 
an  agate  mortar  and  calcined  again  for  2 hour^  In  a etretoy=^J^ 
The  final  product  is  treated'  with  HCl 
dissolves  (the  HCl  liquid  refhains  colorless}^  Tb& 
is  thoroughly  washed  GUid. dried* 


F.  HEIN  AND  HERZOG 


IL  C(Ci,  + 4NHj  = CrN  + SNH^Cl 

ija-4  ssM.  SS.0 

A tidM  of  hlgb-melting  glass  (2S-30cm,long)ls  used  and  5-lo  g. 
aDlndriMS  CrCU  is  calcined,  flrstgently  and  then  vigorously,  in  a 
stream  ot  NH3,  The  heat  source  is  a series  of  burners.  The  MHg  is 
obtained  either  from  a bomb  or  by  heating  about  300  ml,  of  cone, 
ammonia;  il  is  dried  by  passage  through  a lime  tower  and  a Urge 
tJ  tube  filled  with  CaO,  The  reactor  tt^e  carries  no  outlet  tube, 
since  the  latter  would  be  plugged  by  sublimed  NH*Cl  (use  a hoodl). 
Strong  heating  is  continued  until  no  further  NH*Cl  vapor  is  evolved; 
then  (after  cooling!  the  product  is  ground  and  recalcined  in  a 
stream  of  NH3.  The  yield  is  almost  quantitative. 

If  it  is  desired  to  remove  traces  of  CrClgt  the  product  is  ex- 
tracted in  the  cold  with  some  dilute  HCl  (add  some  Sn) , then  washed 
with  water,  filtered  and  dried  at  100-120®C. 

PHOPEBTIESi 

Black,  magnetic  powder;  insoluble  in  acids  and  alkalies;  d 5,9, 
Crystal  structure:  NaCl  type, 

HCFEHEXCESr 

L F.  Briegleb  and  A.  Geuther.  Liebigs  Ann.  239  (13€2);  R, 
Blix.  2.  phys.  Chem.  B 3,  236  (1929). 
n.  H.  Blitz  and  W.  Blitz,  flbungsbeispiele  aus  der  unorg.  E^gjeri- 
mentalchemie  [Exercises  in  Experimental  Inorganic  Chem- 
istry], 3rd  and  4th  eds.,  1920,  p.  20, 


Hexoaquochroinium  IMI)  Chloride 
[Cr(OHd,la, 

[Ci(OH,),|(NO,)j  + 3 HCl  = [Ci(OH,),]Cl,  + 3HNO, 
( ■ a H,oi 


Chromium  (HI)  nitrate  Cr(MOa)3  - 9 HaO 
“il*  of  38%  HCl  is  prepared.  Hydrogen 
gas  predried  in  is  introduced  with  ice  cooling) 

preclpltaUon  of  [Cr(HsO)6]  CI3  is  complete. 

^Tw  epratal  slurry  Is  rapidly  filtered  on  a large  glass  suction 
■Ml  and  with  some  fuming  HCl,  It  Is  dissolved  In  100  ml. 

« iM  aad  100  rot  of  fuming  HCl,  and  reprecipitated  with  HCl 
wue  cooling  in  ine.  After  precipitation  is  complete,  the 
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t34» 


gr^eniBh  sup&rn&tsjit  solution  ia 

is  freed  of  most  of  the  adhering  HCl  and  the  green  cUoTlda  lay 
stirring  three  times  with  acetone.  The  remaining  Imporltiee  ara 
completely  extracted  by  treating  the  product  with  small  qyantitiM 
of  acetone  on  a frltted-gUas  funnel  (the  filtrate  must  become 
colorless  In  the  end).  The  acetone  is  removed  by  rinsing  With 
absolute  ether*  The  salt  Is  freed  of  ether  and  traces  of  motstuxe 
by  drying  in  a desiccator  over  HsSO*-  The  yield  is  about  72%, 

n.  [CrCU{HEO)*]Cl  2H,0  = [Cr(H,0),]CU 

566.5  S66.5 

A solution  of  50  g,  of  green  chromlujn  chloride  hydrate  In  BO  g. 
of  water  is  refluxed  for  one  half  hour,  during  which  time  almoat  no 
color  change  is  observed*  The  flask  is  then  cooled  by  Immersion 
in  an  ice-sait  mixture  and  HCl  gas  Is  Introduced  with  periodic 
shaking  of  the  flask.  The  temperature  Inside  the  flask  must  always 
be  held  below  this  is  achieved  by  freq^uent  renewal  of  the 

freezing  mixture.  After  saturation  with  HCli  the  fine  powder  which 
separates  is  allowed  to  settle  to  the  bottom  and  the  aupernatant 
blue- green  liquid  is  decanted*  The  powder  itself  is  rinsed  out  of 
the  flask  onto  a fritted  glass  funnel  with  cold  saturated  HCl*  dried 
as  much  as  possible  by  suction^  then  stirred  with  acetone  and 
washed  until  the  acetone  is  no  longer  greeiu  As  soon  as  the  acetone 
traces  have  evaporated,  the  crude  product  is  dissolved  In  20  mli.  of 
water;  it  is  filtered  if  necessary,  andHClgaa  is  introduced  into  the 
blue  solution  (while  cooling  the  flask  with  cold  water)  until  satura^ 
tion.  At  this  point  the  gas  flow  is  Interrupted  and  the  flask  Is  placed 
In  finely  crushed  Ice,  The  solution  becomes  almost  cdorl^^ 
after  some  time  while  the  chloride  separates  in  granular,  blue- 
gray  crystals*  After  filtering  through  a frltted-glaes  funnel,  the 
product  is  washed  with  acetone  and  dried  over  HgSO^,  Yield;  12  g* 

in.  KCr(S04)i  ■ 12  HpO  + 3 HCl  [Cr(H,0)JCii 

Chrome  alLun  (250  g*)  is  dissolved  iaachflled  mixture  of  1 liter 
of  cone,  hydrochloric  acid  and  250  ml.  of  water.  The  solution  t$ 
filtered  and  saturated  with  hydrogen  chloride  gas  at  10  to  16*C.  It 
become^  almost  colorless  during  thiB  step,  and  the  crude  product 
separates  in  cryatalllne  form.  The  crystals  are  filtered  afid 
purified  by  dissolving  in  176  ml,  of  water,  repreolpitatlng  at  Id*® 
as  described  above,  filtering  again,  washing  with  dry  aceteme,  . 
and  drying  over  sulfdrlc  aoid<  Yield:  about  90  g> 

J?nOPERTIE3: 

Slue^-gray  crystals*  very  deliquescent  In  air,  soluble  iifc 
with  a blue-violet  color,  readily  soluble  in  alcohol,  insclutAo% 
acetone. 


ISO 
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L A*  Hwitxscb  and  E.Torke.  2,anorg.  allg-Chem.  2M.  72  (1932). 
IL  A<  Wenwr  and  A.  Gubser*  Ber.  dtsch*  chem.  Ges,  Igsi 

Hit  G,  o/lilgley-  J.  Amer.  Cbem,  Soc-  620  (1904). 


Chlofide 

[CrCI(OHj)jJCJr  ■ HfO 


A) 

[CrCMOH,)<)Cl  - 

H.SO,  = 

- [CrCl(OHs},l50i 

+ 2HC! 

9S.1 

3-2'fJ 

B) 

[CrCKOH.JsJSO; 

V 2 HCl  = 

= [CrCl{OHf)slCl= 

4 HjSO, 

f 

( ■ n,0) 

3i"-7 

aee,s 

A)  PREPARATION  OF  fC:rCl(0Il2)sJS04  ■ 3 MjO 

A solution  of  26,8  g.  of  green  chromium  chloride  hydrate 
[CrCl3(HaO)*)Cl  • 2 HgO  In  filn  equal  amount  of  water  ia  allowed  to 
stand  for  24  hours  at  room  temperature*  and  a mixture  of  10  g.  of 
cone.  H3SO4  and  4 g*  of  water  is  then  added*  The  sulfate  soon 
separates  in  bright  green  tablets, 

B)  PREPAftATON  OF  [GtCKOH2)s3C12  ■ H^O 

A cone*  aqueous  solution  of  the  sulfate,  cooled  to  0*C,  is  allowed 
to  flow  into  ether  at  D*  while  a stream  of  dry  HCl  is  introduced-  The 
yield  is  greater  than  87%. 

phopehtieSj 

Bright  green,  mlcrocryetalliiie*  very  hygroscopic  powder: 
readUy  soluble  in  water,  alcohol  and  acetone.  Differentiated  from 
its  isomei'a  by  its  solubility  in  a mixture  of  e<{ual  volumes  of  ether 
and  fuming  hydrochloric  acid.  Insoluble  in  HCl-saturated  ether, 

aCFERENCES] 


^ Th,  Schumann.  Ber.  dtsch*  chemi  Ges* 

3094  (1907)* 

^ IL  Gutierrez  de  Celi$«  Am  soc*  Espam  Flsloa  Quim*  553 
(1030),  abstract  fn  Chem,  Zeutr,  1936.  U,  1374p 
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Hexaa mminechrQmfum  (ill)  CKIdrid«  und  Nitraf* 
lCr{NH,)*lCl^  [Cr(NH,),](NO,)t 

[.  PREPARATION  BY  AUTOOXTDATION  OF  AN  NH4a-C0NTAtNINC 
AMMON fACAL  SOLUTION  OF  A Cf(!l)  SALT 

A solution  of  chromium  (II)  salt  in  prepared  indicated  la  the 
preparation  of  rhodochromium  chloride  (see  p.  1359),  Thldsdutton 
is  forced  under  pressure  (in  the  absence  of  air)  into  a flask  oon'- 
talning  a mixture  of  525  g,of  KH^Cland  540  g.  of  ammonia  (d  0,91}, 
The  vessel  should  be  aim  os  thill  at  this  point.  The  flask  is  stoppered 
at  once  with  a cork  which  carries  a gas  outlet  tube;  the  tube 
terminates  under  water.  The  flask  is  placed  in  cold  water  until  Ha 
evolution  ceases  {about  18-24  hours).  The  (Cr(NH3)a]Clg  that 
deposits  on  the  uni^ssolvcd  NH4CI  and  that  dissolved  in  the  liquid 
are  worked  up  separately. 

The  red  solution  is  decanted  and  treated  with  an  equal  volume  of 
959J)  alcohol*  The  chloride^  which  settles  after  a e vend  hours>  Is 
washed  by  decantation  with  aioohol,  filtered,  re  washed  with  alcohol^ 
and  dried  in  air*  It  is  then  dissolved  in  lukewarm  water  and  the 
solution  passed  through  a filter  into  well- cooled  nitric  acid  (d  1*39), 
whereupon  the  [Cr(NH3)s]  (NOa)^  separates  in  long,  yeUow needles. 
The  precipitate  is  washed  several  times  by  decantation  with  nitric 
acid^  then  with  a mixture  of  1 volume  of  nitric  acid  and  2 volumes  of 
water,  filtered*  washed  wUb  alcohol  until  free  of  the  aoid,  atki  dried 
in  the  air* 

The  produot-containing  KH+Cl  Is  treated  several  times  with 
150-mL  portions  of  water  at  room  temperature,  but  only  as  long  as 
the  extracts  are  still  yellow*  They  are  treated  with  an  equal 
volume  of  nitric  add  (d  1.39;  good  cooling  is  essential).  Yellow 
needles  appear*  either  at  once  or  after  several  hours;  they  are 
worked  up  as  above.  Total  yield:  35-40  g* 

The  salt  is  purified  by  dissolving  in  a minimum  quantliy  of 
cold  water.  The  solution  is  passed  through  a filter  into  dilute  nitric 
acid  (1  vol,  of  nitric  acid*  d 1,4*  and  2 vol*  of  water);  the  crystals 
are  washed  with  alcohol  and  dried  in  air* 


CrCL  + 6NH.  = lCr{^imch 
15S.4  10a,a  263  6 

[Cr{NHj),]Cls  + 8HN04  [Cr(NHi)^l(NOa)s  + 3Hd 
2e&,0  V6&-0 

The  pr^ence  of  NaNH,  catalyst  prevents  the  e<^roduetton  of 
tCrCl(NHa)g3Cls. 
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A hood  with  « good  draft  is  needed:  a one-Uter  Dewar  flask  is 
nlaGed  ooder  this  hood,  charged  with  about  BOO  ml.  of  liquid  NHa, 
and  0.S  e.  of  pure  Na  metal  and  0.2  g.  of  Fe(KH4)3(SO*)a  • 6 h^O 
are  added,  (instead  of  the  Dewar  flask,  a one- liter  beaker  inserted 
in  a socoindt  1.5-liter  beaker  may  also  be  used.)  After  disappearance 
of  the  blue  color  of  the  NHj  solution,  50  g.  (nearly  0.3  mole)  of 
CrCla  is  added  with  constant  stirrit®  (2-g.  portions  over  a period 
of  1-2  hours).  The  brown  precipitate  is  allowed  to  settle  and  the 
clear  supernatant  liquid  Is  decanted  or  siphoned  off. 

The  residue  is  transferred  to  a large  dish  and  allowed  to  stand 
(with  occasional  stirring)  until  the  odor  of  NHg  disappears  and  a 
lustrous  yellow,  free-flowing  powder  remains.  The  yield  of  crude 
{Cr(NHa)e]  Cla  is  almost  quantitative  (about  80  g,). 

The  crude  product  is  purified  by  dissolving  rapidly  in  a mixture 
of  10  ml,  of  cone.  HCJand  150ml.  of  water  at  40“C.  After  filtration, 
the  solution  Is  treated  at  once  with  SO  ml,  of  cone,  nitric  acid  to 
precipitate  pure  [Cr(NHa)ej  (NO a) a.  The  liquid  is  allowed  to  cool 
to  room  temperature,  the  yellow  crystalline  salt  is  filtered  on  a 
Buchner  funnel  and  washed  with  distilled  water  containing  some 
HNOa,  then  with  alcohol,  and  finally  with  ether.  The  product  is 
dried  in  a vacuum  desiccator  in  the  absence  of  light  and  stored  In 
a brown  bottle.  Yield:  80  g,  (75%), 

SYNONYM; 

Luteochromic  chloride  or  nitrate. 

PaOPERTIES! 

The  chloride  (as  well  as  the  nitrate)  forms  orange-yellow 
crystals,  only  moderately  soluble  In  water  at  room  temperature 
(the  nitrate  In  the  ratio  1 ; 40).  Solubility  is  still  further  decreased 

addition  of  nitric  acid.  All  [Cr(Ntt3)a]®’*'  salts  are  sensitive  to 
light  even  when  dry.  Decomposes  slowly  In  solution,  more  rapidly 
Ob  boiling,  depositing  chromium  hydroxide.  Heating  with  cone. 
HCl  produces  [CrCl(HHa)sJ  Cla, 

BEFERENCeS; 

L S.  M.  Jorgensen.  J-  prakt.  Chem.  30,  2 (1884). 

IL  A.  L.  Oppegard  and  J,  C,  Bailar,  Jr.  in:  L,  F.  Audrieth,  Inorg. 

Syntheses,  Voi,  111,  New  York- Toronto- London,  1950,  p.  IS  3. 

Chloropontoomminechromfum  (ID)  Chlofide 
tCia(NH,),lcl» 

I.  BV  reaction  of  liquid  NHj  with  CrCts 

^ The  reaction  starts  at 

Hie  boiling  point  of  the  Nife , and  the  CrClg  is  transformed  into  a rod 
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product.  After  evaporation  of  excess  NHa,  the  residue  Is  triturated 
with  30  ml.  loe-cold  viator,  filtered^  them  washed  with  aodoe  cold 
water  until  the  filtrate  is  reddish*  Conoentrated  nitric  add  is 
added  to  the  filtrate  and  fCr{NHa)a]  O^0a)3  Is  obtained  (seepv 
1351)^  Yield:  about  7 g* 

The  red  residue*  corisisting  of  [CrCl(NH3)s]  Cla,  ia  boiled  with 
couc^  HCI*  cooled*  mixed  with  water*  filtered  and  washed  with 
some  cold  water^  It  Is  then  dlseoived  as  rapidly  as  possible  at 
50"^C  in  WO-500  ml,  of  water  which  is  acidified  with  a few  drops 
of  HaSO^^  The  solution  Is  immediately  filtered  throni^  a large 
fluted  filter  paper  and  treated  with  an  equal  volume  of  ocmc*  HCL 
The  salt  precipitates  in  beautiful  red  crystals;  after  one  houTt 
these  are  filtered,  washed  with  1:1  HCl,  then  wlthaloohol*  and 
dried  In  a desiccator*  Yield;  about  5 g- 

II.  FROM  THE  RHODOCHLORIDE  BY  BOlUNG  fflTH  BYDHOCHLORIC 
AaD 

The  procedure  for  the  preparation  of  rhodocbromtum  chloride 
(see  p.  1359}  is  followed*  exce^  that  after  the  Introduction  of  O3  the 
entire  mixture  is  boiled  for  a few  minutes  with  2,5  times  its 
volume  of  cone,  HCl,  whereupon  the  [CrCl(NH3)sl  CI3  precipitates* 

After  cooling*  the  supernatant  liquid  is  decanted*  In  24  hours; 
additional  purpureochromlc  chloride  separates  from  the  ai^jer-^ 
natant;  it  iSj  however,  contaminated  with  NH4CI*  The  NH4CI  te 
removed  with  dilute  HCU  the  residue  Is  washed  with  alcohol  and 
dried  in  a desiccator. 

Yield:  about  45  g-  (from  BO  g*  of  KaPra^v)* 

Purification  is  the  same  as  in  method  I (solution  in  water  con- 
taining some  HsSO^  and  addition  of  HCl). 

SYNONYM; 

Purpureochromic  chloride. 

pnorEHTCES; 

Formula  weight  243.54.  Carmtoe-r®d  ciyetale;  lii"-* 
Solubility  (16  "CJ  0,65  g,/J.00g,  HsP.  ti  aqueous  Bolutlou,  .qreiL  uJa 
moderate  heating,  addsawatermoleoul6toB^vo[Cr(HsPJ(NHa)^CIs^ 
Space  group  V p. 

aET£REMC£8;  - 

I.  O.  T.  Christensen.  Z.  anotrg.  Chem*  4,  229  (1893) t H,  Bilts 

W.  BUts.  Ubungsbeispiele  a.  d.  imotg.  ‘Exp,  cbemfe  (Bxere^e 

In  hiorg.  EjtperlmentaJl  CbemlstyJ,  3rd  and  4^  eds„ 

H.  O,  T.  Chrletenseo,  J.  prakt.  Chem.  23,  57  (1881).  a -- 
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T»i**hyl*n*diomirs«chroflniuin  {III)  Sulfats, 

ChloridA  and  TKioeyonots 
ICi  «A(i)(SOi)),  [Ct  eiii]Cit  * 3,5  HiO,  [Cr  «n J (SCN)i ' H»0 

fV>  ANHYDROUS  CHROMIUM  (Ul>  SULFATE 

Cr,(SOi),  ■ le  HiO  - Cr,(SO*)j  + 18  H,0 
71S.5  392.2 

Heating  of  Cra(SO*)a  ' 16  KaO  for  2-3  days  at  XOD-llO“C  gives 
a lumpy  product;  this  is  ground  and  dried  further.  Complete  de- 
hydraUon  is  indicated  by  the  fact  that  the  powder  is  no  longer 
soluble  in  water. 

B)  ANHYDROUS  ETHYLENEDiAMTNE 

Since  anhydroujs  ethylenedlamiiie  attacks  cork  and  rubber  stop* 
pcTs,  ground  equipment  must  be  Ltsed.  Five  hundred  grams  of 
NaOH  and  S75  ml.  of  commercial  ethylenediarolne  hydrate  are 
heated  overnight  on  a steam  bath.  Two  layers  form;  the  upper 
layer  is  decanted,  treated  with  additional  150  g*  of  NaOH  for 
several  hour  a;  the  supernatant  is  decanted  again  and  dlstUledi 
B-.P*  116-117  ""C  at  760  mm*  Yield;  almost  quantitative,  (Propylene- 
diamine  can  be  dehydrated  in  the  same  manner*) 

The  ethylenedi amine  thus  obtained  still  contains  some  water* 
Absolutely  dry  ethylenediamine  reacts  only  very  slowly  with  the 


C)  TRiETHVLENEDtAMiNECHROMlUM  W)  SULFATE 

CxtlSO,),  -h  6H,N  CiHt  NHs  = [Cren.l-lSOO, 

3911  me  752.« 

A 300-tal*  Erleameyer  flask,  to  which  an  air-cooled  condenser 
Is  attached  by  a ground  Joint,  is  used  to  reflux  49  g#  of  Cr^iSOJa 
ajfld  50  mL  of  anhydrous  ethylenediamlne  on  a steam  bath*  Within 
one  hour  {and  often  much  less),  the  sulfate  begins  to  lose  its  bright 
green  color  and  its  powdery  nature*  If  this  should  not  occur  after 
two  hours f the  reaction  is  Induced  by  addition  of  a drop  of  water* 
From  this  time  on*  the  flask  must  be  shaken  to  and  fro,  to  bring 
ujmacted  Cr^fSOJ^  into  contact  with  the  amine;  the  shaking  is 
discontinued  a brown^  BOlid  iniasB  forme;  this  is  allowed  to 
rnmain  an  the  steam  bath  overnight.  The  solid,  which  Is  orange- 
jeUow  after  cooling,  ts  then  broken  up  with  a spatula,  ground* 
with  alcohol,  and  dried  la  air*  Yield;  89  g.  195%,  based 
«Cr^4},], 
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D)  THJETHYLBNEDIAMtNEGHftOMTUM  (HI)  CHLORIDE  HYDRATE 


[Crqni].(SO,)j  + 6HC1  - 2[Cien,lCl,  + 3H»SO< 

, - {‘8.SH,0> 

TOSS’S  21fl,a  974^ 


A solution  of  32  g,  of  [Cr  onalafSO*)^  In  dilute  HCl  (BaU.  of 
cone.  HCl  and  30  ml.  of  waters  Is  prepared  at  B0~65^C  and  rapidly 
filtered  througb  a Buchner  funnel.  The  filtrate  Is  eUrredand 
cooled  in  ice  while  27  ml,  of  cone.  KCl  le  added#  the  chloride 
[Cr  eusj  CI3  • 3.5  HaO  separates  at  once.  Filtration  yields  20  ^ 
or  60%  based  on  the  sulfate  used. 

This  chloride  Is  still  contaminated  with  sulfate.  It  may  be 
purified  by  reczystalllzatlon  from  water.  Thus  20  g.  of  tbe  crude 
product  is  dissolved  In  20  ml.  of  water  at  65 *C.  On  coolipg,  12  g. 
of  pure  chloride  Is  obtained, 

E)  TRlETHYLENEDIAMINECHROMtUM  {HD  THIOCYANATE 

[CrenilCU  + SNH.SCN  = [CtmuKSCNH  + 3NH.C1 

{'3^H,0)  ('UjO) 

437.2  S3«,4  4!4.a 


A solution  of  30  g.  of  [Cr  ena]  Cl®  * 3.6  HgO  in  100  ml.  of  warm 
water  Is  mixed,  while  Ice -cooled  and  rapidly  stirred#  with  a cooo. 
aqueotin  solution  of  36  g.  of  HH4BCN.  The  sparingly  soluble 
[Cr  eng]  (3Cfi)a  * separates  at  once.  Flitratlon  yields  30  g. 
of  the  Crude  product#  or  64%  based  on  the  chloride  bbarged. 

For  purification,  the  product  is  recrystatllaed  from  100  ml.  of 
water  at  65 *C,  cooled,  filtered,  washed  with  alcohol  and  ether, 
and  dried  In  air.  Yield  23  g.,  or  77%  based  on  the  crude. 

The  bromide  and  the  iodide  can  be  obtained  in  6(xactly  analogous 
fashion,  that  is,  by  addition  of  the  corresponding  ammonium  salt. 

AiferTiafe  methods:  From  violet  chromium  (QQ  chloride  Or 
dehydrated  chrome  alum,  with  ethylonedlamino  hydrate  or  ethyl- 
enedlamlne,  respectively. 

PaOPSRTIES: 

The  [Cr  eng)**  salts  are  distinctly  ciyetalline,  orange-yellow 
substances,  which  are  slightly  sensitive  to  light  even  edken  di^ 
Their  auueous  solutions  have  poor  stebilityi  particularly  WhSa 
heated  or  placed  in  sunlight:  then  the  InltiBl  red  color  is  follcfwed 
shortly  try  complete  decomposltloiii.  While  the  sulfate  is  extreufte^ 
aoluhle  in  water  and  the  chloride  Is  also  very  soluble,  tbe 
cyanate,  the  bromide  and  the  iodide  are  relatively  Sfpajrfagy 
aoluhle.  Tbe  chloride  and  the  thleoyanate  are  readliy  oonverteas*y 
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lifting  to  the  oorreapondiog  [CrX,  en,3  salts  (see  the  two  prepa- 
fAtlons  wblch  follow). 


REFERENCES; 

C.  L.  Rolllnson  and  J.  C.  BaUar.  Jr  Hi: 

Xnthaaes  VoL  H,  New  York-London.  1946,  p.  196.  P.  Kelffer. 
B^r^Sch.  ohem.  Ges.  S2.  4277(1904);  Res Thesis,  Unlv. 

Leipzig.  192S;  M.  Llnhard  and  M.  Weigel.  Z.  aiiorg.  aUg. 
Chem.  27.1.  US  (1952). 


ci*-0«hlorodiethylenodiominechfomium  (lli)  Chloride 
ICraieailCi-HtO 


[CrenjJCIi  " 

( 3 .&H1O) 

^37. 2 


[CTCl*en,lCl 
( H,0) 


H.N&HiNH. 


The  [Cr  en^]  Ci^  * 3-5  HsO,  which  serves  as  the  starting  matfi- 
rial^  Is  recrystallised  from  a 1%  aqueous  NHiCl  solution;  this 
imparts  a small  NH4CI  content  to  the  chloride  complex*  and  the 
NH4CI  catalyse  the  thermal  decomposition.  If  the  [Cr  enaJGla- 
3,5  HaO  is  prepared  specifically  as  a starting  material  for  this 
reaction,  the  NH4CI  may  be  added  already  diurlng the  recrystalliaa- 
tion  of  the  impure  [Cr  eng]  Cl  a ■ 3*5  H3O* 

The  reorystallized  salt  is  dried  and  is  then  spread  In  a thin 
layer  on  a large  watch  glasst  which  Is  heated  to  210 Careful 
control  of  the  temperature  is  essential,  since  the  rate  of  decom- 
position is  too  hi^  above  215 ®Ct  while  below  200® C the  reaction 
is  very  slow*  The  evolution  of  ethylenediamine  starts  after  a few 
minutes;  the  salt  gradually  becomes  darker  aod  after  1-2  hours 
turns  red’vlolet.  The  course  of  the  reaction  is  checked  by  the 
weight  loss*  which  should  approach  the  theoretical  value  of  30^6% ► 

A crude  product,  in  satisfactory  purity  for  many  purposes f is 
obtained  by  washing  with  ice-cold  cone,  HCL  For  further  puri- 
flcatlonf  It  may  be  recry stalll zed  as  follows:  The  salt  Is  dis- 
solved rapidly  In  water  at  70  *C,  using  4 ml.  of  water  per  gram 
of  salt,  and  the  filtered  solution  Is  cooled  in  a cooling  mixture- 
Then  1 ml,  of  ice-cold  cone*  HCi  is  added  for  each  gram  of  the 
Balt«  wbereupoa  small  red- violet  needles  separate.  These  are 
mtered  and  washed  with  alcohol  and  ether.  Yield:  0.45  g-  (50%) 
per  gram  of  starting  compound, 

Atternate  method:  From  K3[Cr(C304)3l  via  two  intermediate 
mtepB  fA.  Werner*  Ber.  dtsch,  chem,  Ges,  3135  (1911)1* 
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PKOPEBTIES; 

Small  red-violet  needlesj  readily  soluble  In  water  with  a violet 
color.  The  solution  becomes  orange  after  a few  hours , more 
rapidly  when  warmed, 

REt’ERENCES: 


C.  Ij.  Rollliison  and  J.  C,  Bailar,  Jr.  in:  W.  C.  Fernellus,  Inorg. 

Syntheses,  Vol,  n,  New  York- London,  1946,  p.  201;  P,  Pfeiffer. 

Ber.  dtsch  chem,  Ges,  37,  4277  (1904);  M.  Linhard  and  M. 

Weigel.  Z.  aaorg,  al^.  Chem.  119  (1952>, 

tranS'Dith1ocyonolodi{athylqn«diamine)chrem!um  (III) 
Thiocyanate 
[Cr(SCN),eDjSCN 

tron$-Dlchtorod((ettiylenedtarnitie]chroinium  {IH] 
Chloride 
[CiCItendCi 

a)  {Crenj]{SGN)j  ICr(SCN),en,]SCN  + H,N‘C,IL  NH, 

{ • H,o; 

424  a 34&.e 

The  crude  [Cr  enal  (SCN)a  ‘ HsO  used  as  etarting  material  is 
prepared  according  to  the  directions  given  on p,  1355  and  recuystal- 
lized  from  a 1%  NH^SCN  solution  as  In  the  preparation  oi 
cis-[CrCla  eoa]  Cl  • H^O.  As  In  the  latter  case,  the  product  Is 
prepared  tay  thermal  decomposition,  but  at  a temperature  of  130 
(maximum  134*C).  The  theoretical  weight  loss  is  18.40%.  The 
product,  which  Is  a uniform  yellow-red,  is  recrystalllaed  several 
times  from  hot  water,  the  solution  concentration  being  such  that 
the  thiocyanate  starts  to  crystallise  slowly  only  after  the  so- 
lution is  completely  cold.  This  procedure  yields  2 g.  of  pure 
ICr(SCN)a  ena)SCN  per  3 g.  of  crude;  the  material  atlll  contains 
1-2  moles  of  water  of  hydration;  this  Is  removed  in  a desiccator. 

b)  cit 

[Cr(SCN)ieaj]SCN  [CfCUeinia 

Mas  278.^ 

A fast  stream  of  Cla  ^ passed  through  an  aqueous  slurry  of  the 
thiocyanate  obtained  In  (a);  good  oooitog  Is  necessary.  The  green 
crystalline  povnier  which  separates  from  the  violet  sdutlM Je 
essentially  traos-dicblorosulfate  and  -chloride.  About  0,6  g.  offlim 
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crude  dlcUoro  salt  Is  obtained  from  2 g,  of  thiocyanate.  A con- 
ocDtrated  solutloa  of  the  crude  salt  in  cone.  HCl  Is  placed  in  an 
H dealeeator.  which  also  contains  a small  dish  with  cone.  HCl, 
?Sfbi.*  .ord  ohldridd  [Orel,  Cl  ■ HCl  • 2 H.O  (D.3  g.) 

separates  ill  one  day.  On  heating  to  100‘C,this  is  transformed  into 
ICrCl,  enal  CL 


paOPERTIES' 

Trsuis-ICrCUenalCl  consists  of  green  crystals,  A very  thin 
Iftyer  of  ^ cone.  e.'CjiJieoys  solution  greerij  while  thiclts-r 

layers  have  a brown-red  color. 


HEFE  FENCES: 

L C*  L*  Rpllinson  and  J,  C,  Bailar,  Jr.  in;  W,  C.  Fernelius,  Inorg. 
SytithcseSi  VoJ*  Kew  YorJc-LiOndon,  1946^  p,  302j  P*  PfelffePi 
2,  anorg.  Chem*  29>  113  (1903)* 

U*  P*  Pfeiffer*  Ber.  dtsch,  chem.  Ges.  31,  4282  (1904), 


Dichtoro<iCTuofrf4rnmEn«ch rom lum  I^J}  Chloride 

There  are  three  position  Isomers:  a,  b,  and  c.  The  preparation 
starts  from  (NHajaCtOdi  and  hydrochloric  acid* 

a)  One  gram  of  (NHaJaCrO*  (for  ptreparatlon,  see  p.  1392}  is 
carefully  dissolved  in  6 ml-  of  dilute  HCl  (the  flask  must  be  cooled 
with  ice)*  It  is  added  to  the  acid  slowly  in  small  portions,  as  soon 
as  the  vigorous  reaction  from  the  preceding  portion  has  subsided. 
On  addition  of  10  mL  of  cone,  HCi  and  long  standing  In  the  cold*  the 
red  solution  deposits  red- violet  snowflakelike  crystals*  These 
are  recrystallized  from  the  cone*  aqueous  solution  by  addition  of 
cone^  HCb  After  washing  with  alcohol  and  ether,  the  crystals  are 
dried  over  H^SO*,  Yield;  about  1*1  g* 

b)  About  2 gt  of  the  chloride  prepared  in  {a)  is  heated  in  HCl 

solution  at  about  60  until  the  blue  color  of  the  solution  Is 
completely  changed  to  green*  By  suction-filtration  tn  a desiccator* 
dark  green,  needle -^shaped  crystals  can  be  Isolated  from,  this 
Boiutlon;  these  are  dried  over  This  salt  cannot  be  re- 

cryBlalli^ed;  it  is  always  contaminated  with  impurities* 

c)  If  6 of  cone*  KCl  is  used  to  dissolve  one  gram  of  (NH3)aCr04 

the  same  conditions  as  in  (a),  one  obtains  a bright  green  so- 
from  which  gray,  needle-shaped  crystals  soon  separate* 
Time  are  washed  with  alcohol  and  ether  and  dried  over  H^O+* 
about  I g* 
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PROPEJRTifiS: 

Fomcuda  weight  227-50.  a)  Red-vioiet  dichroic  crystals, soluble 
in  water,  giving  a blue  color,  b)  Dark  green,  needle-ehaped 
cryetaie.  soluble  in  water,  giving  a green  color*  c}  Gray,  needle^ 
shaped  crystals,  Inealuble  in  cold  water,  soluble  In  warm  H^p 
giving  a red  color  > 

REFEHEi^CE; 

E,  H-  Rlesenfeid  and  F,  Seemann,  Ber,  dtsch.  chem,  Ges*  4^ 
422  (1909)* 


Hexaureathromium  (111)  Chloride 

lCr(OCN.H|)i]CE, -311,0 

[CrCl,(li,0)^]Cl  f eOCNjH*  = 

2ee.5  300,4 


= [CKOCN,H*MClr3HiO  + 3H,0 
5V2.S 

Green,  crystalline  chromium  chloride  hydrate  {CrClatHaO)^  Cl  * 
2 HaO  and  somewhat  more  than  the  stoichiometric  quantity  of  urea 
are  dissolved  in  some  water  and  treated  with  a few  drops  of  HCl* 
The  solution  is  concentrated  in  a drying  oven  at75*C  {or  on  the 
steam  bath)  until  a crystalline  crust  forms*  The  crystal  slurry 
thus  obtained  Is  dissolved  In  the  minimum  quantity  of  water  at 
50-60^C  and  rapidly  filtered.  The  salt  complex  separates  as  green 
needles. 

PBOPEHTIESi 

Green  needles,  readily  soluble  in  water,  insoluble  in  absolute 
alcohol. 


REFERENCE: 

E.  Wilke-Dorfurt  and  K*  Nlederer*  Z.  anorg.  allg.  Chem* 

150  (1929), 

. . .>  -r 

RKodochromtum  Chloride 
I(NH,)iCr(OH)Cr(NH*)ja, 

The  preparation  involves  oxidation  of  an  ammoniacal.  SHiCl- 
containing  solution  of  Cr  (tl)  salt,  ^ 


F.  H£IN  AftD  S*  HERZOG 


sixty  grams  of  K^rgO,  powder  ie  placed  In  a 2.5-lIter  bealter 
awl  covered  with  200  ml.  of  cone,  HCl  and  75  ml,  of  alcobol  (stip- 
rliM),  The  resultiiig  green  solution  of  chromium  (III)  salt  Is  reduced 
with  line  while  still  warm  (but  below  50*0  in  the  absence  of  aij. 
The  blue  solution  Is  poured  Into  a mixture  of  500  g,  of  NH*Cl  and 

750  ml.  of  cone,  ammonia,  the  nee  ess  ary  good  cool  ii^  being  achieved 

by  adding  pieces  of  ice  (or  by  immersion  In  lee).  After  decanting 
from  undlssolved  NH+Cl,  O3  is  passed  through  the  liquid,  which  is 
shaken  vigorously  to  achieve  rapid  oxidation,  The  liquid  becomes 
red  and  rbodochloride  deposits  out  abundantly.  The  salt  Is  filtered, 
washed  first  with  a mixture  of  2 vol.  of  water  and  1 voi.  of  cone. 
HCl,  and  then  once  with  cold  water.  It  is  dissolved  in  cold  water 
and  the  solution  allowed  to  flow  into  a chilled  mixture  of  2 vol.  of 
cone.  HCl  and  1 vol.  of  water,  whereupon  the  rhodoohloride  re- 
precipitates  almost  completely.  It  is  washes  with  1;1  HCJ,  then 
with  alcohol  until  free  of  acid,  and  dried  in  air  in  the  dark.  Yield: 
about  25  g. 

raopa  STIES; 

Formula  weight  468,64,  Pale  crlmaon-red  cryatalline  powder; 
contains  1 mole  of  H3O  when  afr-drled;  this  is  slowly  lost  over 
cone. 

aEFEHEHCEa; 

S.  M.  Jorgensen.  J.  prakt.  Chem,  ^ 328  (1882);  for  composition, 
see  K.  A.  Jensen.  Z.  anorg,  allg,  Chem.  232,  2S7  (1937),  as 
well  as  W.  K.  Wilmsrth,  H.  Graff  and  S.  T.  Gustln,  J.  Amer. 
Chem.  Soe,  7^  2683  (1956). 


Erythrochromlum  Chloride 
l(NH,),Cr(OH)Cf(NH.)i(OHr)]Cl, 

Seven  grams  of  rhodochromlum  chloride  (preparation  as  above) 
is  dissolved  in  50  ml.  of  2 N ammonia.  This  blue  solution  becomes 
IWB  crimson  red  In  about  15  minutes;  It  is  then,  cooled  In  ice 
w weated  with  100  ml,  of  ice-cold,  cone,  HCl.  The  erythrochlorlde 
wWeb  precipitates  is  filtered,  washed  with  some  dilute  HCl,  then 
with  alcohol  and  ether,  and  dried  over  HsSO*,  Yield;  96%, 


FltoPEiirrlES: 


. ^^h^geueltlve,  crimson'’ red  ciystalllne  powder;  more  readily 
eoudde  in  water  than  the  rhodochloride. 
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IlEFE^llJGNCES]  . J 

■ r ■. 

K.  A.  Jensen,  Z.  anorg.  all«,  Chom,  232,  264  (1937).  W.  K.  WEN 
marth,  H.  Graff  and  S,  T.  Gustin.  J.  Auer.  Chem.  S»o.  29# 
2683  (1956). 


Tris|2,2''dtpyrtdyl)chrORi1um  (il)  Perchlorate 
tCr(dipy)J(ClO»). 

Cr  + 2HCi  = CtCl,  + H, 

52  ( ‘ aq,) 

CrClt  + 3 dipy  = [Crtdipy)ilCI( 

( ■ aq.)  46S  ( ’ aqj 

[Cr^dipy)a]Cti  + SNaClO^  -=  (Cr(dipy),l(ClCH}*  + 2NaCl 
{ ■ aq.)  719 


All  operations  are  carried  out  under  pure  Ng  and  with  deaerated 
liquids. 

A solution  of  G.,26  g*  of  electrolytic  Cr  Opteparatlon  on  p*  1335> 
In  2,5  mi,  of  1 : 1 HCl  is  preparedp  After  the  Hs  evolution  eeasea^ 
the  solution  is  diluted  with  20  ml,  of  water*  and  2*86  g.  of  2*3  -- 
dipy r idyl*  dissolved  in  some  methanol,  is  added*  The  solution,  now 
a deep  wine- red,  is  filtered  through  a fine  fritted^glaaa  filter^  The 
filtrate  Is  treated  with  a solution  of  1 g-  of  NaClO^  and  0*6  tnl*  of 
70%  KCIO4  in  &0  ml*  of  water.  A slurry  of  black- violet  cryetnls 
is  fornied  at  once.  This  is  filtered  on  fine  fcftted  glass,  washed 
with  water  f alcohol  and  ether,  and  dried  In  vacuum  over 
Yield:  3 g.  (83%  of  theory)* 


PREPARAT[ON  OF  2,2-DIPVRTClYL  ; ; 

«)  From  FeCl*  and  pyridine  in  an  autoclave  (F.  Hein  and  H. 
Scliwedler,  6er.  dtsoh.  c&em.  Ges,  §3,  681  (1935)|;  If)  reHiudiig  of 
Haney  nickel  and  pyridine  |G,  M,  Badger  and  W.  H.  F.  Sw.s^t,  J* 
Chem,  Soc.  (London)  1956,  616J.  . . 

The  corresponding  complexes  with  l,10-pBenwtl^0!l^ 

iCr  phen^ln  Xr  (where  X =*  I or  ^ ® 

pared  In  a similar  manner  [&.  HexsogiChem.  Techn.  8^  8.4p  (J 


PBoPBirriES; 

Small  black  orystalsf  completely  stable  to  air  w^  . ■ 

oxidized  when  damp  (actpHree  a yellow  oolcrf.  Sparlnj^ 
water  or  meCbaBol.  giving  an  intense  wine- red  color.  ■ - - ^ 


1JU 


F,  HEJN  AND  S,  HERZOG 


In  ether  and  benzene*  tn  weak  perchloric  acid  solution 
bv  ait  forming  yellow  tris{2,2  -dipyrldyl) chromium  (m) 
iSSStoraS*  which  can  to  crystallized  by  concentrating  the  solution 
la  the  cold  over  HaSO*. 


KEFBHENCES; 

a.  HerzoE*  Thesis,  Univ.  of  Jena.  1952:  F.  Hein  and  S.  Herzog,  z. 
anorg.  allg.  Chem.  337  (1952):  G.  A.  Barbieri  and  A. 

Teitamanzi.  Attl  B.  Accad,  Llneei  (Rome),  Rend.  [6]  877 

(1932). 


Tfi»[2,2’-dipyridyl)chromium  (t)  Perctilorote 
[Cr{dipy)j]C10* 

2lCr(dipy),](C104)i  + Mg  = 2 [Cr(dipy),]CI04  + Mg(C10,}, 

2.-L0 

All  operations  are  carried  out  under  pure  Na  and  with  ajr-free 
liquids. 

rtis(2,2'"dipyridyi)chxoratum  (H)  perchlorate  (1<C  g^i  prepa- 
ration as  above)  Is  covered  with  250  ml.  water,  giving  an  opaque 
wine-red  solution.  This  is  treated  with  60  mg*  of  Mg  powder 
(about  3 times  the  stoichiometric  quantity)  and  machine-shaken  in 
a well-closed  container*  The  solution  becomes  colorless  after  a 
maximum  of  3 hours,  and  a fine,  indigo-colored  powder  separates 
out.  The  powder,  because  of  Its  fine  particle  size,  imparts  an 
apparent  black- violet  color  to  the  solution  on  superficial  examin- 
ation, Now  3 g*  of  ^fH4Cl04  is  added  and  the  mixture  is  shaken 
for  an  additLonal  hour  to  dissolve  the  remaining  Mg.  After  stand- 
ing overnight*  the  dark-blue  product  is  filtered  through  a fine 
fritted-glass  filter,  washed  three  times  with  5-mh  portions 
of  water,  and  dried  in  vacuum  over  PhOe-  After  a few  hours,  the 
preparation  is  dust-dry*  Yield:  about  0.65  g.  (about  8 0^  of  theory)- 

PflOPSRTIEa: 

Indigo-blue  powder;  soluble  In  methanol,  ethanol,  acetone  and 
pyriding,  giving  a deep,  inky  blue  color;  Insoluble  In  water,  benssene 
and  ether > The  solution  is  oxidized  almost  Instantly  in  air^  becom- 
ing lighter  In  color.  The  dry  product  reacts  spontaneously  with 
atmospheric  Oa  with  considerable  evolution  of  heat  and  loss  of 
the  2,2  -dlpyridyl, 

a.  Herz^  Theais,  Oniv*  of  Jena,  1952,  F,  Hein  and  S.  Herasog* 
anorg,  allg*  Chem,  2§Z,  337  (1962), 
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Tris[2,2  -drpyridyl)chromiuiR  (0] 

ICrl^pj  ),1 


Cr-tCKjCOO).  + 3 dipy  - [Ci((dipy),l  + 0(m)  ci(U)  compleitw. 

S^O.e 

Two  grams  of  chromium  (H)  acetate  hydrate  is  mixed  (in  the 
absence  of  air)  with  2.49  g.  of  2p2''dipyridyl  (equivalent  to  l.S 
moles  of  dipyridyl  per  of  Cr),  >[ow,  40mh  of  deaerated 

water  is  added  and  the  resulting  suspension  is  macbine-sbaken 
for  three  hours.  The  black  precipitate  Is  filtered  off  from  the 
deep- red  mother  liquor  (through  a very  fine  frltted*glass  filter) » 
washed  with  water  and  alcohol*  and  dried  over  air-free  PaPe* 
Yields  about  1 g* 

AU&mate  methods:  Reduction  of  trts (2 t2^*dipyr Idyl) chromium 
(II)  salt  in  tetrahydrofuran  with  sodium* 

PHOPEBTIES: 

Small  black  crystals ^ soluble  in  benzene*  tetrahydrofbranp 
pyridine  or  dimethylformamlde  with  a red  color.  Ignites  in  air 
with  oxidation  to  CrgOa* 

HEfeSEl^CE: 

S.  Herzog,  K.  Chr,  Renner  and  W-  Schon,  Z.  Nfaturforach*  609 
(1957). 


Hexaptienylisonitrilochroniiurii  (0} 

[CtlCA^m 

aCrf(CHjCOO)^-2HiO  + C,HjNC  (exetss)  ^ 

2 [Cf<C,HsNC)i]  + 4Cr(lIl)  complex 
lUiA 

The  reaction  is  carried  out  under  N®;  a large  excess 
isonitcile  is  desirable.  Six  grams  of  chromium  (DJ 
CrsfCR^COOU  * 2 HsO  is  suspended  in  40  mL  of  methanqlj 
a solution  of  20  g*  of  iflonitriie  la  10  ml.  of  metlmnol  Js  add^ 
After  about  one  hour*  weU-fermed  gartiet-red  cry^t^ 
from  the  deep  black-red  solution.  The  precipitate 

washed  with  some  methanol,  and  dried, 


I»4 


F*  AND  S*  HEW2DG 


Tfc®  yl*w  i3  B-e  g.,  which  la  almost  quantitative p based  on  the 
disiMporUonatlon  shown  above* 


imOFKJrriES: 

Gurnet-red  crystals  with  metalllCp  yellowish- green  reflectance^ 
sUWeln  air,  diamagnetic,  M-P-  (undergoes  deformation  at 

Soluble  in  chloroform  and  benzene  in  the  coldp  readily 
soluble  In  the  hot  solvents*  Can  be  recrystal li^ed  by  repreciplta- 
tlon  with  alcohol  from  a chloroform  solution-  Can  be  obtained  from 
methylene  chloride:  In  this  case,  large  crystals,  similar  in  ap- 
pearance to  pyrites f are  obtained- 

aEFEa£KCE[ 

L-  Malatesta,  A.  Sacco  and  S*  Ghieimi-  Gazz,  Chim-  ItaL  516 
(1952)* 

If  a Gr  (II)  halide  is  used  instead  of  the  Cr  (H)  acetate,  the 
reaction  Is  completely  different:  a crystalline  precipitate  of 

[CrtHNCJ^Cial  (orange- red)  or  [Cr{RNC)4Bra]  (olive  brown},  de- 
pending on  the  starting  halide  used:,  forms  instantly-  These  com- 
pounds sbcKw  a paramagnetism  of  2-84  Bohr  magnetons,  corre- 
sponding to  Cr^,  They  are  again  completely  stable  In  air  and 
can  even  be  heated  in  water  without  decomposition;  insoluble  in 
ether,  alcohol,  benzene  and  carbon  tetrachloride,  but  soluble  In 
chloroform  and  methylene  dichloride- 

REFERENCE: 

Hein  and  W*  Kleinwachter*  Private  communication,  unpublished. 


Chromium  Orthophoiphote 
CrPO+ 


4CfO,  + 4HjPO|  + 3N,H^'HtD  = 4CrPO,  H-  15Hrf)  + 3Kt 
400D  mo  iso^  $se.o  270^  L 

« Jt  «■  KaPO*  (d  1.69),  12.5  g.  of  CrO^ 

tlZ5%  Of  the  stoichiometric  quantity)  and  200  ml.  of  HaO  is  prepared, 

5.4  g.  of  80%  hydrazine  hydrate  (115%  of  the  stoichiometric 
to  IOC  ml,  of  HaO  Is  added  In  drops  and  with  stirring.  After 
iWn^ior  15  minutes  at  50*C,  the  precipitate  is  washed,  suction-* 
dned,  aadtheadrtedfor2hoursatlOO*C.  Yield;  19  g.  of  amorphous 
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3,5-hydrate,  Heatljig  for  2 houre  In  raouujn  at  BOO'C  yields  13  ^ 
of  CrPOi^  which  gives  a crystallljue  x-ray  diffraction  pattenw 

PfiOPEliTiES: 

Hydrate:  Turquoise  green  powder,  d 2,15.  Following  the  above 
directions  gives  a particle  size  of  0,1  while  a tenlbld  dliutioti  of 
the  reactants  gives  1’^  particles* 

Anhydrous:  Gray *br own;  insoluble  in  H^O  and  CH^COOH* 
d 3.05* 


nEFERENCES; 

F,  Wagenkneoht,  German  Patents  1,046,597  (1957)  and  1,056,104 
(1957). 


Chroitiiiim  (tlj  Sulfote 
CrSOi  5H,0 

Cr  + HiSO*  + SHrf)  - CrSOi  SHfO  -h  H, 

531,0  93.1  90  1 S3S.^  2.0 

Twenty  grams  of  coarse*  very  pure  electrolytic  chromium 
(>99,99%  Cr)  is  placed  in  150  mL  of  H^aO,  and  46  g,  of  cone; 

is  then  added  with  agitation.  The  Cr  is  completely  dissolved 
and  massive  crystals  of  CrSO*  " 5 R3O  precipitated  from  the  deep 
blue,  highly  supersaturated  solution*  Concentration  of  the  Itgulct 
In  vacuum  gives  an  almost  theoretical  yield  of  the  product  The 
salt  Is  filtered,  washed  with  seme  ice-cold  water,  and  dried  to 
vacuum  or  in  a stream  of  NaJ  any  water  present  can  be  removed'l^ 
thorough  washing  with  acetone^ 

PSOPEUTlESi 

■■ 

Blue,  meaaive  crystals.  Completely  stabile  la  air  wbep^-d^- 
SolutloRs  are  instantly  oxidized  on  contact  with  atmospherld  Oil ' 
Solubility  (0*C):  21  g./100  gf.  HbO.  ISotypic  with  CUSO4  * 5 ' 

■ I-.  ■/■ 

nCFEREKCE: 

■ . if; 

H,  Lux  and  G*  Blmaiin*  Chem*  Ber,  SS143  (1958)* 


F.  HEIN  AND  S.  HtSZOG 


Chromium  (M)  Solt  Sobtions 


1,  PRFP,\R\T10N  BY  KI.ECTR01A"I'!C  nEDUCTION 

KtCitOf  3S0t  HiSOj-*KjSO<  "I"  Gri(SO|)s  (’ 

29^0  65.71.  9S.I 

Cr,(SO,)i  (■  aq.)  + 2 e -+  2 CrSOi  ('  aq)  + SOj- 

ThiG  slfictroiy^is  Hpp-sirfttus  (S6C  Fig*  318)  cojnpriscs  & l*5“-litcr 
jar  p and  ft  cylindrical  porous  clay  cell  ff  of  about  500-mL  capacity 
(height  17  cm*,  diameter  6-S  cm*);  the  cell  is  closed  off  with  a 
rubber  stopper  which  carries  a glass 
stirrer  h with  a mercury  seal,  ft 
sampling  tube  a outlet  tube  f,  and 
a lead  cathode  v having  230  cm?  of  sur- 
face* The  cell  is  surrounded  by  the  Pb 
anode  u-- 

Tbe  Pb  cathode  should  be  prepared 
according  to  directions  given  by  Tafel 
{see  the  references  below)*  It  Is  sus- 
pended In  20%  sulfuric  acid  and  sur- 
rounded coaxially  by  a second  cylindri- 
cal Ph  electrode*  The  current  (0*13 
amp. /in*®)  is  turned  on»  and  the  working 
electrode  is  operated  first  as  aIlaTlode^ 
then  as  a cathode  {B  mh%),  and  finally 
again  as  an  anode  (IB  min*)*  After  this, 
it  is  brown*  It  is  washed  with  boiling 
water  and  dried*  Fig,  318*  preparation  of 

The  chromium  (HI)  sulfate  solution  chromium  (II)  sulfate  by 

required  for  the  electrolytic  reduction  electrolytic  reduction* 

is  prepared  as  follows:  SO^  Is  bubbled  pjar;  9 porous  clay  cell? 

throu^  a solution  of  80  g.  of  iC ^Cr gO? , s sampling  tube:  * gas 

30  g*  of  copjc-  H3SO4  and  450  g,  of  outlet  tube;  « stirrer 

water  until  reduction  Is  complete.  with  Hg  a e ai ; u lead  oath- 

Good  cooling  is  necessary  to  prevent  ode;  w lead  anode. 

the  transformation  of  violet  to  green 

chromium  (IG)  sulfate  fthe  latter  is  not  as  readily  reduced  to 
chromium  (II)  sulfate]*  The  excess  SO3  is  driven  off  with  a fast 
stream  of  air*  The  last  traces  of  SO  a must  be  removed  by  brief 
boiling.  The  solution,  whose  volume  is  now  about  50  ml.,  is  trans-^ 
ferred  to  the  clay  cell.  The  anodic  electrolyte  is  2 N HaSO^i 
Electrolysis  proceeds  at  a current  density  of  0.13  amp*/in*®,  that 
is,  at  a current  of  4*6  amp*  The  reduction  takes  12  hours*  but  up 
to  S4  hours  may  be  required  If  a great  deal  of  green  chromium  (IQ)  , 
sulfate  is  present*  The  cofurse  of  the  reduction  can  be  followed  by 
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removing  samples  and  titrating  with  excess  0.1  N KMnO^f  adding 
KI,  and  back- titrating  with  0*1  N NajSsOa* 


II.  PRt:pARATlON  BY  REDUCTION  WITH  ZINC 

It  is  best  to  use  a zinc  reductor.  This  consists  of  a vertical 
glass  tube,  45  cm.  long  aiid  2 cm.  LD,,  with  a glass  stopcock  a* 
the  lower  end*  It  is  two-thirds  filled  with  zinc  granules.  Before 
use  the  contents  of  the  column  are  amalgamated  for  10  minutea 
with  a 0.1  M HgCla  solution  in  1 M HCli  then  washed  with  a large 
quantity  of  water  and  finally  with  some  1 N H^S04;  during  this 
operation  the  liquid  level  should  always  be  above  the  zinc*  The  re- 
duction  proper  is  carried  out  by  adding  a solution  of  90  g.  of  green 
chromium  (III)  chlorldehydrateinl20mhofwnter  and  30  ml*  of  2 N 
HgSO^  to  the  reductor  tube;  the  rate  of  discharge  from  the  redactor 
is  so  adjusted  that  only  spur  ei  light  blue  chromium  (U)  salt  solution 
drops  into  the  directly  attached  storage  or  reaction  vesaeL 

This  solution  obviously  contains  zinc  salts*  Solutions  completely 
free  of  foreign  s a Its  ar  e obtained  el  therlsy  dissolving  chromium  (HI) 
acetate  ort  better,  by  dissolving  electrolytic  chromium  in  dilute 
HCi,  as  described,  for  example^  In  the  procedure  for  frfs(2p2^-i3ipy- 
ridyljchroiniiitii  {II)  perchlorate* 

APPLICATIONS 


Useful  for  removing  Oa  from  gases,  for  reductometrlc titratlohi 
and  as  a reductant  In  organic  chemistry* 


rnopERTisS] 

Blue  solution,  very  sensitive  to  air;  storage  stability  Is  highly 
dependent  on  the  purity  of  the  starting  materials* 


HEF£]RS!«CES; 


I.  Ch.  W.  Hoftn&nii.  Thesis,  Univ.  of  Bern,  1947;  S,  Platt 
F.  Sommer.  Helv.  Chim.  Acta  634  (1942)  i A.  Aamanow.  2* 
anorg.  allg,  Chem.  160,  910  (1927)!  W,  Traubeand  A.  Goodson. 
Ber.  dtsSu  Chem.'^e.  49.  1679  (1916);  J.  Tafel.  Z.  pbys. 

Chem.  187  (1900).  „ 

n.  E.  Zlnti  and  G.  BlenaclEer.  Z.  anorg.  allg,  Chfim-  3T^ 
(1927)j  M.  R.  Hatfield  In:  L.  F.  Audrieth,  Inortf, 

Vol  m.  New  York-TOronto-London,  1950,  p.  149. 
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Chromivni  (II)  Acotot® 

Cfi(CH,C0O)^-2H,O 

T,  CrCK  1 'li'Z.a  = CrD-  'l±7.nCU. 

26S.5  32-T 

CiCl,  - 2N;i{CH,COO)  = ■/^Cr.(CH,COO)i  + 2NaCl 

Pure  chromium  (H)  acetate  may  be  prepared  only  If  oxygen  is 
completely  excluded.  This  condition  is  approached  in  the  apparatus 
of  Fig.  319. 


Fig,  319-  Preparation  of  chromium 
(n)  acetate,  a zinc  reductor;  6 glass 
wool  plug;  c pinchcock  or  glaas  stop- 
cock with  10-mm*  bore;  d reaction 
vessel;  e fritted-glass  funnel;  f glass 
stirrer;  g rubber  cap  to  seal  stirrer 
gainst  outside  air;  ft  dropping  funnel; 
j suction  flask;  ft  dropping  funnel  for 
washing  liquids;  J bubble  trap  for  out- 
going inert  gas;  tn  rubber  sleeve  for 
sealing  large  stopper. 


The  chromium  (II)  salt  solution  is  obtained  in  a Zn  reduotof 
(we  previous  preparation).  This  couBlsts  of  a glass  tube  (45  cm* 
long  and  2 cm.  LD.)  In  which  a glass  wool  plug  is  inserted  at  b* 
The  Zn  granules  filLing  the  tube  are  amalgamated-  before  us© 


34.  CHHOlwjiUM,  MOLYBDENUM*  TUNGSTEN*  UAANIUM  f9f9 

(10  minutes  with  a 0.1  M HgCl^  solution  In  I M HC!)^  then  wwted 
with  Urge  quantities  of  water  and  finally  with  some  1 N 
during  this  procedure  the  liquid  level  should  alw^e  be  above  1b# 
zinc*  A pinchcock  or  a glass  stopcock  with  a lO-mm*  bore  la 
located  at  t.  Reaction  vessel  d is  attached  with  a rubber  tube 
the  moderately  coarse  fritted-gUss  funnel  e (diameter  about  10 
cm^)*  Glass  stirrer  / should  provide  thorough  stirring  of  the 
precipitate  during  the  washing  and  drying  steps;  It  is  held  In  place 
and  turned  by  means  of  the  rubber  cap  g which  serves  as  a seal* 
Nitrogen  or  carbon  dioxide  (O^-free)  is  passed  throu^ the  reaction 
vessel  during  the  precipitation^  and  over  the  precipitate  during  the 
filtration.  The  gage  pressure  in  the  apparatus  (governed  by  the 
liquid  height  in  the  trap  I)  should  be  as  small  as  possible* 

A solution  of  90  g«  of  green  chromium  (HI)  chloride  hydrate  In 
120  ml.  of  water  and  30  mh  of  2 N HaSO^  Is  poured  Into  the  re- 
ductor  tube  and  its  outflow  rate  so  adjusted  that  only  a pure 
blue  chromium  (II)  salt  solution  drops  into  the  reaction  veBsei 
d*  A filtered  solution  of  252  of  Na  acetate  in  325  mli  of  water  Is 
charged  beforehand  into  the  reaction  vessel  (via  h}.  During  the 
precipitation  the  vessel  contents  are  stirred  briefly  ^ handp  using 
the  stirrer  provided. 

After  completion  of  the  precipitation^  N a or  CO  a la  admitted 
Into  filter  e and  stopcock  c is  opened.  In  this  operation  the  filtering 
flask  * can  be  carefully  put  under  a sll^t  vacuum,  provided  a 
sufficient  flow  of  (or  COa)  iB  maintained  and  the  chromium  (IQ 
acetate  is  always  surrounded  only  by  the  protective  The 
precipitate  is  washed  on  the  filter  with  air-free  distilled  water » 
then  several  times  with  alcohol,  and  finally  with  peroxide-free 
«lber,  after  whitA  Na  or  CO»  <HsO-fre6)  1b  p«gs«3  through  for 
24  hour&<  The  chromium  fll)  acetate  must  be  oompleteljr  <iry 
before  It  can.  be  exposed  to  air,  sinoe  It'  oxidlzCB  at  aa  appreoialiily 
faster  rate  when  moist.  Yield:  && 

The  preparation  can  also  be  carried  out  with  smaller  quantities, 
e.g„  one  third  of  those  given  above,  la  this  case,  the  dlmanslone 
are  reduced  to  7 cm.  I.D*  for  the  precipitating  vessel  d and  the 
funnel  e.  The  reductor  need  be  only  35  cm,  high  {filled  to  26  cm.). 
The  drawing  of  Fig,  318  is  based  on  dimensions  appropriate  to  this 
case. 

IL  Cr  4-  2HC!  -*■  CrCU'aq 

sao  ' ' . ■ 

CrCIfaq.  + aCH^COONa  -*■  Cr,(CB,COO)*  + 2NaCl 

(>£K,0}  mi  ' - 

i . ‘ 

j Two  grams  of  electrolytic  chromium  is  covered  with 

of  6.2  ml.  of  coao.  HCl  and  ai  equal  volume  of  water  (air 
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•MlwtwU*  Alter  the  stert  of  the  H,  evolution,  about  10  additional 
water  is  added  and  the  vessel  £s  heated  on  a steam  bath, 
Wl^  Uw  evoluUon  of  Bs  ceases,  the slty- blue  solution  of  chromium 
chloride  Is  slowly  filtered  through  a tine  fritted-glass  funnel 
iato  a solution  of  28  g.  of  sodium  acetate  in  40  ml,  of  deaerated 
water.  The  solution  immediately  turns  red,  and  after  a tew  seconds 
small"  glittering  red  crystals  begin  to  precipitate.  After  overnight 
standing,  these  are  filtered  through  fine  fritted  glass,  washed  five 
times  with  lO-ml,  portions  of  water,  dried  with  air-free  CaCl,,  and 
stored  under  Na>  Yield;  about  6 g. 

Other  means  of  obtaining  chromium  (If)  salt  solutions  may  be 
used  instead  of  direct  solution  of  the  chromium  used,  provided  the 
product  solutions  contain  no  foreign  substances  which  would  affect 
the  pireclpltatlon  of  the  acetate. 

SBOPEKTEa; 

Dark- red  crystals,  slightly  soluble  in  water  and  alcohol.  In- 
soluble in  ether.  When  dry,  stable  In  air  for  a few  hours;  stable 
indefinitely  under  Ns,  Drying  over  PaOs  at  100 “C  results  in  loss 
of  the  complexed  water,  change  of  color  to  brown,  and  Increased 
sensitivity  to  air. 

REFEBENCES: 

S.  Vanino,  Handb.  d.  prap.  Chemfe  fBaadbook  of  Preparative 
Chemistry),  Inorg,  Section,  Stuttgart,  1925.  p.  710;  E,  ZinU 
and  G,  Alenacker.  Z,  auorg.  allg,  Chem,  161,  378  fl927}; 
M,  R.  Hatfield  In:  L.  F,  Audrleth,  Inorg.  Syntheses,  Vol.  Ill, 
New  York- Toronto- London,  1950,  p.  149;  K,  H.  Zapp,  Unpub- 
lished, Freiburg  I,  Br.j  S.  Herzog.  Unpublished,  Jena;  M,  Krans 
and  A,  Witkowska.  Przemysl  Chem.  37,  470  fl9S8);  biorg. 
Syntheses,  Vol.  VI,  1960,  p,  144, 


Chromium  (II)  Oxalate 
CrC,0,'3H,O 

CrSO.SHrfl  + NajC,0,  = CrCA*2HiO  + Na,SO^  + 3H.0 

1W.0  ne,i  142,1  S4.0 

a ® Na3C^4.  and 

• 2 Is  covered  with  about  150  ml.  of  Orf-free 
ibO  und^  a protective  blanket  of  Ng.  This  mixture  Is  shaken 
*y*”y*y*  time,  CrCaO^  * 2 HgO  separates  as  a fine, 

U/vtaume,  green  precipitate,  it  is  filtered,  washed  with  cold  Ha^ 
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find  dried  over  Caci^i  B^vlng  a yellowiah-cteen  powd«r^  Tbe^^dS 
is  &0-65%* 

AJifirruiie  meihod:  Reajction  of  solid  Na^CaO^  wttih  <»usde(iitfeM^ 
isolutions  of  chromium  (II)  salt  obtained  electrolytIcaUy 
WaU), 

REFERENCES; 

H.  Lux  and  G*  Elmann.  Cham,  Ber,  Mi  2US  (1958);  H,  Wals,  M.8, 
thesis,  Univ,  of  Freiburg  1*  Br,,  19S6* 


Hexoaquochi'cmivm  {HI}  Acefalo 
[Cr(OHt)*HCH,COO), 

Cr(0H)r3H*0  + SCHjCOOH  = [CT<Hrf))J(CHsCOO)i 
157a  im  537,2 

L Excess  glacial  acetic  acid  is  added  to  the  light  blue-greee  A- 
chromium  (lUJ  hydroxide  (for  preparation  see  p.  1345)^  Th^ 
reaction  proceeds  with  appreciable  evolution  of  heat.  The  crystals 
(which  precipitate  after  a few  hours)  are  separated  f3rom  the 
mother  liquor,  washed  thoroughly  with  acetone  and  ether,  and 
dried  over  H3SO4. 

IL  AlterTiate  method;  From  chrome  alum  via  the  readily  obtain)^ 
dihydroxotetraaquocbromium  (HI)  sulfate* 


paOPEBTIES: 


>jeedle-3haped  blue- violet  crystals,  readily  soluble  !n  wa^; 
solvoly zed  by  alcohol*  ^ ' 

REFERENCES; 


L A.  Hantzsdi  and  E.  Torke.  2.  aoorg.  aUg.  Chem.  209,  .7$  <^932^ 
n.  A.  Werner.  Ber,  dtsch*  oheiia>  Ges<  34BZ  (1908),  : !vy'; ' 


■ ■-'i  ' 


■4\. 


Dih  yd  tt> xnhexaacetatotrichromiu  m (lU) 


Acetate  and  Chlartdir  :::^^ 


(Cri(OH)i<CHiOOO)tl(CHiCOO)  ■ n ftiO,  [CrdOfl)dCHiCOO),JCI  • S Brf> 

Prepared  &om  CrO^,  facial  acetic  acM  and  alcohol*  ■ ■ i 

ai  A two-liter  round-^bottom  flask  fitted  wl®  a 
is  used,  it  l8  charged  with'  200  g.  of  CrO^ ' (Sulfur 
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ilkMk  Is  thsn  covered  with  400  mh  of  commercial  glacial  acetic 
tkotd.  The  teacUoo  is  Induced  by  careful  heating  on  a water  bath 
tiUch  Is  held  below  the  bolL  Since  pure  CrOs  does  not  react  with 
TOxy  pure  glacial  acetic  acid  even  at  the  boil,  the  reaction  may  be 
started  by  addition  of  some  alcohol-  if  the  reaction  becomes  toe 
vigorous^  the  flash  is  coded*  When  the  evolution  of  CO^  begins  to 
sutelde,  the  flask  contents  are  refluxed  for  about  2 hours  on  a 
rapidly  boiling  water  {or  steam)  bath*  The  thick,  brown  contents 
of  the  flasks  which  consist  of  hexaacetatotrichromiuin  chromatea, 
are  allowed  to  cool  somewhat*  To  complete  the  reduction  of  any 
cbroinlc  acid  still  present,  first  g0%  alcohol  and  then  96%  alcohol 
(about  1(H)  ml*  of  alcohol  in  all)  is  added  in  small  portions  through 
tbs  condenser*  The  flask  is  now  heated  for  one  hour  on  a steam 
bath,  and  the  green  liquid  is  then  concentrated  on  a water  bath. 
The  green  diacetate  powder  has  the  formula 

fCraOH(HtO)(CHaCOO)*](CH,COO)*  ■ HjO. 

The  monoacetate  hexahydrate  is  obtained  by  dissolving  the  powder 
in  some  water  and  allowing  evaporation  to  take  place  over  HgSO<t. 
The  monoacetate  tetrahydrate  crystallizes  In  long  prisms  when  an 
aqueous  solution  of  the  dIacetate  is  treated  with  acetone* 

PROPERTIES  L 

Formula  weight  675*41  (4  711.45  (6  HaO)-  Green,  water-- 

soluble  crystals. 

b)  Evaporation  of  a solution  of  the  diacetate  in  dilute  RCl  over 
HgSO*  yields  ICr3(OH)3(CH3COO)6l  Cl  ■ 8 H^O. 

3F*BOP£ftTIESr 

Formula  weight  723.90*  Dark  green  prisms,  may  be  recxystal- 
lized  from  water. 

REFERCNCES] 

R.  F.  Wei^and  and  E.  Buttner.  Z.  aaorg;  allg.  Chem,  75,  329> 

Aom.  1 (1912);  R,  Weinland  and  P,  Dinkelacker,  Ber.  dtsclL 

cheto,  Ges,  3010,  3012  (1909). 


Potaisiutn  Trioxalatochromate  [III] 

Ki[Ct(C,0,),]  -SH^O 

ti^satment  of  oxallo  acid  and  pctasalum  oxalate 
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A ooncentrated  aqueous  solt^ion.  ocntainlAE  12  g,  l0 

uddad  dropwl&e  with  stirring  to  a solution  contafiUttg  27  g.  of 
acid  dibydrata  and  12  g.  of  neutral  potassium  oxalate  monol^drate. 
The  mixture  ie  then  evaporated  to  a small  vdluine  and  slow^ 
cooled  to  bring  about  crystalUzatlon. 

SYNONYM: 

Potassium  chromium  oxalate. 

PROrERTUrS: 

Formula  weight  4B5.4.  Black-green,  monocllnle  scales  with 
transparent  blue  edges.  Readily  soluble  In  water. 

REFERENCE: 

H.  Hecht.  Preparative  juorg.  Chemte  [Preparative  Ihorganlc 
Chemistry),  Berlin-GSttingen" Heidelberg,  IdSl,  p.  158. 


Potossium  Hexocyanoch remote  jlU) 

K,ICi[CN).] 

Cr(CHjCOO),  + 8KCN  Kj[Ci(CN),l  + 3CH,COOK 

Seventeen  grams  of  CrOs  or  25  g.  of  KgCraO?  is  treated  vritli 
70  ml.  of  KCl  (45  ml-  of  cone.  HCl  + 26  ml.  of  water)  and  redueed 
while  hot  by  addition  of  a total  of  26  ml,  of  ethanol  in  small  portioitp, 

A very  sllg^ht  excess  of  ammonia  is  added  to  the  boiling  sbluttehf 
The  precipitate  of  Cr(OH)a  is  filtered  hot  throu^  a fluted  ftttW 
paper,  washed  several  times  with  hot  water,  and  finally  diSBOlV^ 
in  some  dilute  acetic  acid.  This  solution  is  evaporated  almost  te 
dryness  In  order  to  remove  the  excess  acetic  acid.  The  residue  |s 
taken  up  In  150  ml.  of  water,  filtered,  and  poured  into  a bpiUi^ 
solution  of  100  g.  of  KCN  in  200  ml.  of  water  (use  a hood)  }1  Tfe 
very  dark- red  solution  thus  formed  is  evaporated  on  a steam  bai^ 

A brownish- black  solid  usually  separates;  this  is  removotl  Ijr  ■. 
filtration.  On  further  concentration,  bright-yellow  ciystate^po^.^T^. 
on  the  wails.  The  mother  liquor  also  yields  addlKonal 
The  product  is  recrystalllned  two  or  three  times  tr<no 
dried  over  H,S04.  The  yield  is  58  g.  (70%), 

PAOPSRT^Si 

Formula  weight  326,41.  d 1,71,  Bright  sallow, 
oryetaU,  ieomorphotts  with  K3[Fe{CN)aI:  decomposes  above 
Solublilty  at  20*C:  30,96  g./lOiP  fr  wate?;  lo»»lubte  te 
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Aqueous  solutions  tend  to  decompose,  especially  In  light  or  on 
Keettng.  separating  Cr(OH)3. 

REFERENCES; 

F V.  D.  eraser  and  E.  H.  Miller,  J.  Amer.  Chem.  Soc.  28,  113a 
(1906)'  O.  T,  Christensen,  J.  prflkt,  Chem.  [&j  31,  163  (1885] > 
see  also  J,  H,  Bigelow  in:  W,  C.  FernelJus,  Incrg.  Syntheses, 
Vol.  II,  New  York- London,  1946,  p,  203, 


Polp$siufn  Hexathlocyonoioch remote  (II) 


K,[Cr(SCN).]  '4H,0 

kCr(SO,h  i-  6KSCN  - K3(Cr(SCN],]  + 2K»SOj 

12  HjO  ■ ^ HfO 

5S3.0 

A moderately  concentrated  aqueous  solution  of  G parts  of  KSCN 
and  5 parts  of  chrome  alum  la  heated  for  2 hours  on  a steam  bath, 
and  is  then  concentrated  in  a dish  until  the  cooled  residual  liquid 
solidifies  to  a ma^s  of  red  crystals.  This  solid  is  extracted  with 
absolute  alcohol,  in  which  the  Ks[Cr(SCN)s]  dissolves  very  readily 
while  KsS04  remains  as  a residue.  After  evaporation  of  the 
fiJterod  alcohol  extract*  the  salt  Is  recrystal  I i^ed  once  more  from 
alcohol. 

The  analogous  ammoniuen  salt  (NH*)3[Cr(SCN)a]  ' 4 H^O  is 
obtained  in  the  same  manner,  except  that  reaction  in  the  solution 
of  NH-jSCN  and  chromium  ammonium  alum  takes  place  only  after 
a brief  period  of  boiling* 

SYNONYM: 

Potassium  chromium  thiocyanate* 

PROPEHTIES; 

Lustrous  crystals;  dark  red -violet  in  reflected  light  and  garnet 
red  in  transmitted  light*  The  salt  remains  unchanged  in  air  or 
over  HsSOa;  it  loses  Its  water  of  crystallisation  only  when  heated 
to  liO^C*  One  part  dissolves  in  0.72  parts  of  water  and  in  OM 
parte  of  alcohol,-  1,711, 

SerEREMCE: 

J,  Boe«l«r*  Ltebtgs  Ann,  135  (1S67)* 


CHROMIUM^  molybdenum,  TUNGST£N»  VfWItUM 

Trilithium  H«xaph*rtylchroinote  pil) 
ti,Cr(CtH,),  - £.5(C.H»>,0 

fitter 

CrCl,  + 6Li(C,H,J  LiiCi<C,H,},  '2.S(C,Hi)fO  + 3LiCl 

720.5  127.3 

All  operations  ar^  conducted  in  the  ateencoofair  and  moiaturap 
using  hlgh-purity  Na  as  a protective  gas, 

a)  The  required  solution  of  phenyUlthium  is  prepared  in  a 500-toU 
three^neck  flask  fitted  with  a reflux  condenser  andHg  seal,  a high^ 
speed  Hg~sealed  rueohanlcai  stirrer,  a gas  inlet  tube,  and  a 
dropping  funnel.  The  procedure  is  as  follows:  Clean,  finely  cut 
lithium  (6  eJ  is  covered  with  100  ml,  of  ether  that  has  been 
freshly  distilled  over  benzophenones odium  {referred  to  hereafter 
as  ketyl  ether).  With  the  stirrer  operating  at  hi^  speed,  W g.  of 
freshly  distilled  bromobenaene,  dissolved  in  200  ml*  of  ketyl 
ether,  is  added  dropwise  at  a rate  sufficiently  fast  to  kwp  tte 
reaction  solution  boiling  vigorously.  After  all  the  broraobenasene 
has  been  added,  the  solution  is  refluxed  for  one  hour.  After  cooling. 
It  ia  filtered  through  fine  fritted  glass.  The  clear  solution  thus 
obtained  has  a pheayllithium  concentration  of  about  10%, 

b)  The  preparation  of  the  lithium  chromium  phenyl  complex  em- 
ploys the  same  apparatus  as  described  In  (a).  However*  the  dropping 
funnel  is  replaced  by  a tap“inJection  bulb  containing  10  g*  of  to- 
hydrous , very  finely  powdered  chromium  (ID)  chloride.  With 
vigorous t high-speed  stirring  of  the  lithium  phenyl  solution  in  the 
flask,  the  chromium  chloride  is  slowly  introduced  by  tapping  the 
bulb.  The  course  of  the  reaction  Is  monitored  by  observing  the 
decrease  in  the  number  of  black  particles  of  chromium  chloride* 
After  10-12  hours,  the  reaction  Is  discontinued  without  waiting 
for  complete  conversion  of  the  solid  chromium  chloride*  The 
nascent  yellow  precipitate  is  filtered  through  fine  fritted  glass. 
By  cooling  the  black- brown  filtrate  to  — 10®C,  a portion  of  ths 
complex  is  obtained  in  beautiful  crystals*  The  reaction  residue 
is  rinsed  back  Into  the  three- neck  flask  with  200  mL  df  ke^l 
ether  and  again  collected  on  the  fritted  glasSi 

The  reaction  flask  is  now  replaced  with  a reflux  condtoser 
which  is  attached  to  the  Na-generatlng  apparatus  {to  equ^lse. thd 
pressure)*  The  receiver  flask  is  heated  and  the  ether  is  dlstHte#  ■ 
through  the  fritted  glass  plate  and  onto  the  residue;  by  eoo}^: 
the  receiver  flask,  the  ether  is  suction-drawn  throtig^i  the  residue 
back  into  the  flask-  This  operation  is  repeated  until  the  residue 
ia  colorless*  On  cooling,  most  of  the  complex  compound  cfystal- 
llaes  in  the  receiver*  The  cryst^  s^ry  thus 
crystallized  from  a large  quant  of  ketyl  ether;  or  it  is  exfeeaetedt 
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with  fr«sh  ketyl  ether  as  described  above.  The  mother  liquor  must 
be  youow-brown  and  free  oi  halogens.  Yield:  about  IS  g. 


PROPS  RTIES: 

Yeliow-orauge  crystals;  soluble  in  ether,  benzene  and  tetra*' 
hydr^ifuran:  sensitive  to  air  and  moisture;  completely  hydrolyzed 
by  water  or  alcohol, 

REFERENCE: 

F,  HeLn  and  R-  Weiss,  Z,  anorg,  allg«  Chem,  145  (195B)« 


Amiwonium  TetrofhiocyonotOtJioniminechramafe  (JH) 
NH*[CrtSCN)i{NH,W-H,0 

Prepared  by  fusion  of  NH+SCN  with  (NH4)aCra07  and  extraction 
with  water* 

An  enamel  cooking  potof  at  least  4-liter  capacity  is  charged  with 
flOO  g,  (10,5  moles)  of  NK^SCN  and  carefully  heated;  several  small 
flames  are  used  to  provide  as  uniform  heating  as  possible.  The 
mass  is  stir  red  with  a glass  test  tube  which  contains  a thermometer; 
the  heating  is  continued  until  the  solid  is  partly  melted  and  the 
temperature  is  145- 150 '"C*  Now,  an  intimate  mixture  of  170  g, 
(0p675  mole)  of  finely  powdered  (NH4)^r^07  and 200 g,  {2*6  moles) 
of  KH^SCN  is  added  in  portions  of  10-12 g,  with  continuous  stirring* 
A fairly  vigorous  reaction  begins  after  10  such  porttens  have  been 
added:  NH^  is  evolved  and  the  temperature  rises  tol60*’C*  The 
flames  are  now  extinguished  and  the  rest  of  the  mixture  is  added 
to  the  melt  in  such  a way  as  to  maintain  the  temperature  at  160 ''C, 

Stirring  is  continued  as  the  melt  cools ; the  eolid  product  which 
deposits  on  the  walls  of  the  vessel  is  scraped  away,  ground  to  a 
fine  powder  while  still  warm*  and  stirred  in  a large  beaker  with 
750  mL  of  ice  water*  After  15  minutes  r the  Insoluble  residue  is 
freed  of  mother  liquor  as  completely  as  possible  (suction-filtration^ 
DO  washing}.  It  is  then  stirred  into  2,5  liters  of  waterf  preheated 
to  65 The  temperature  is  rapidly  restored  to  60 and  the 
solution  is  filtered  all  at  once  through  a funnel  heated  with  hot 
water  {heating  above  65*  causes  rapid  decomposition ^ with  pro-* 
duction  of  a blue  color  and  generation  of  HCN)* 

The  hot  filtrate  is  placed  overnight  In  an  ice  cheat,  and  the 
separated  crystals  are  then  filtered  with  suction*  The  mother 
liquor  is  used  for  another  extraction  of  the  residue  at  e0*Ct  ibnB 
alfordlng  &n  additional  quantity  of  orystalUne  Reinecke  salt. 

Finally,  12*^13  additional  grams  of  product  may  be  obtained  by 
concentrating  the  mother  liquor  to  260-300  ml.  under  reduced 
pressure  at  40-'5Q''C. 
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The  total  yield  of  a.ir**dry  Ralnecke  salt  amoimta  to  250-2TS  & 
(52-57%  of  theory), 

The  insoluble  residue  from  the  saeond  extraction  (about  130— 
135  g-)  is  composed  predominantly  of  Morland  saltt  tiO+i  guflnldiuiti 
tetra  thi  oey  anatodiam minec  hromate  (HI)* 

USES; 


Used  for  the  isolation  of  amines , amino  adde^  complex  cations 
and  organometailic  bases;  it  forms  sparingly  soluble  salts  with  all 
of  the  above;  these  salts  usually  crystallize  well-  Also  used  as 
reagent  in  quantitative  determination  of  Cu  and  Hg  (procedure  of 
C*  Mahr)  and  of  quaternary  onimn  cations  (procedure  of  F,  Heln)- 


SYNONYM; 


Reinecke  salt. 

pHOPESTlfiS: 

Formula  weight  354*45,  Ruby- red*  lustrous,  light* sensitive 
leaflets,  which  lose  their  water  of  crystallization  on  drying  at 
100 and  form  scarlet  cubes  and  rbombcdodecahedra*  Both 
forms  are  readily  soluble  in  cold  water*  alcohol,  acetone  and 
moist  ethyl  acetate  ^ insoluble  In  benzene^  Decomposed  by  boiling 
water, 

REPE  PENCES; 

H,  Dakin.  Org^  Syntheses  74  (1935);  Coll.  Vob  n,  555  (1943)* 


Tetrathiocyonotodiomminechromic;  {III]  Acid 
H[Cr{SCN)*{NHjSi 


NH4lCttSCE^)i{NH,)*]  + 

( ■ H,o) 

354.5 


HCJ  - H[Ci<SCN)*{NHj,l  + NH*a 

as,5  ass, 4 


A concentrated  aqueous  solution  of  NR^fCf  (SCNl+pfflgJ-jJ  * 

(see  preceding  preparation)  is  treated  with  a small  excess  o* 
hydrochloric  acid,  then  extracted  thorougjxiy  with  ettor*  The  ^ 
acid  is  absorbed  In  the  ether  with  an  intenfle  dark  red  color; 
tion  of  J^aCl  makes  the  extracUon  almost  quantitative, 
of  the  ethereal  solution  In  vacuum  over  H3SO4  ^ KOH  yieSS^  ^, 
red  mass  which  loses  Its  solubility  inether  after  standing  for 
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dm  Tto  product  Js  recrystallized  from  50“ C water,  in  which  it 
dtesolvas  very  readily,  except  for  a small  yellow  residue.  On 
oooUng,  small  red  scales  separate;  these  are  again  recrystal  Used 
frOBBn  wiitor* 


SYNONYM; 

Reinecke  acid- 

(^ROPEnTTES; 

Lustrous  red  leaflets;  readily  soluble  in  water,  alcohol  and 
acetone.  Heating  for  several  days  at  70 *C  renders  the  acid 
anhydrous;  further  heating  at  110-115 *C  Imparts  a darker  color. 
The  undried  compound  decomposes  between  SO  and  90  ®C,  puffing 
up  and  Evolving  water, 

HEFE FENCE; 

R,  Esciles  and  H.  Ebrensperger.  Ber*  dtech.  chem,  Gea.  36,  2681 
(1903). 


AmmQnium  TafrQthiocycmatodionMinochrQitiat«  {111] 
NH|(Cr(SGN)t{C,H,NHiJ,]  ■ IVj  H*0 
a)  KCr(SO,)i  f 6KSCN  = K,[Cr{SCN),]  + 2KiSO, 

{ ■ 12  H,OJ 

m,4  583,0  517.S 

K,fCr(SCN)i]  + -h  CH.COQH 

5n.a  3V2.5  eo.i 

= (C*HiNH.).HlCr(SCN),(C,H>NH,),]  + aKSCN  + CH,COOK 

657,8 


b)  (C.HiNH.J,H(Cr{SCNh{C,H,NH,),j  + NH,  = 

C57,B  J70 

NH*[Cr(SCN)^(C,H6NH.),]  + 2QKsNH. 

4£8.e  1S6.S 

500  g-  of  chrome  alum,  €00  g.  of  KSCN,  and  500 
ml,  of  water  is  heated  for  4 hours  on  a steam  bath.  The  solution 
? ^***v^’  is  addedt  and  the  mixture  Is  stirred 

^ water  bathv  it  Is  then  again  cooled  and  a 
mmjxe  ^ 6 liters  of  water  and  600  ml-  of  glacial  acetic  aetd  te 
After  a few  hours  the  precipitate  is  filtered  and  dissolved 


£4*  CHt^OMlUlbl^  MOL.YBDENUM*  TUNGSTCM,  URaHIUM 

in  1*5-2  liters  of  cold  methanoL  This  solution  ia  fOtor«d«  iUfd4 
liters  of  water  Is  added,  whereupon 

(CflHsNHa)^!  precipitates  as  a thick,  violet  crystal  slurry*  After, 4 
further  precipitation  from  methanol- water,  the  yield  is  330  g* 
b)  Four  hundred  grama  of  thle  anomalous  anHinlum  salt  Is  treated 
with  600  luL  of  methanol  and  30Q  ml,  of  cono*  ammonia*  This 
solution  is  cooled  in  ice  and  3 liters  of  water  is  slowly  added;  flto 
crude  ammonium  Ihiocyanoto-aniline  complex  precipitates.  After 
filtering  with  suction*  it  Is  treated  once  more  in  the  same  manner 
with  methanol,  ammonia  and  water*  Yield;  about  200  g. 

USE: 

Separation  of  amino  acids,  especially  proline* 

SYNONYMS; 

Ammonium  salt  of  rhodanillc  acid;  ammonium  rbodanilate. 

PROPERTIES: 

Violet- red  crystals*  somewhat  soluble  in  water,  very  soluble 
in  methanol,  acetone  and  ethyl  acetate*  The  aolutioos  decompose 
on  boiling.  Insoluble  in  ether,  benzene  and  chloToform* 

REYERENCE: 

M.  Bergmann*  J*  BioL  Chem.  110*  47€  {1035}, 


f^otassium  Tetrothiocyoiiotodfpyfidinochromate  (111) 


K[Cr(SGNbpyi] -2H/) 

Prepared  from  K3[Cr(SCN)a3  and  pyridine.  ■ 

Ten  parts  of  K3[Cr(SCN)eI  (for  preparation,  see  p,  1374),  driejJ 
at  110"C,  is  heated  with  30  parts  of  anhydrous  pyridine  la  entail 
flask  (4  hours  on  the  water  bath,  in  the  absence  of  moistore).  The 
hot  solution  is  then  poured  Into  a orystalllalng  dish  and  allow^  to . 
chill  in  an  ice  chest.  The  solid  which  crystalUees  Is  a mixtora 
of  KSCN,  pya  * H[Cr(SCH)*pya]-  {Kpy4]JCr{SC>f)*py^. 
suction-dried  and  pieced  on  s clay  plate.  The  complex  potassiinnv. 
Salt  deliquesces  over  a period  of  1-2  d^s,  end  the  KSCN'  IS  ©!?■ 
traded  with  water  at  room  tempereture,  while  the  RfCr^CN)*pysJ 
is  extracted  with  hot  water.  When  cooled,  the  resulting  red  seluttoas 
gradually  deposit  smaU,  lustrous  red  crystals  of  the  poias^t^ 
salt.  The  residue  remalnlnff  after  Hbs  hot  water  extraetidh?«f^# 
pure  df pyruUnium  BAlt  py  3 * HlGr(SCN)4pya!}*' - ^ * 
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VftOPKBrtlKS; 

Formula  weight  SlT.fifi.  Smalt  red  crystals,  which  become 
anhydrous  oti  heating  to  llO-C.  Almost  insoluble  in  cold  water, 
somewhat  soluble  in  warm  HsO.  Completely  Insoluble  in 
benaene,  chloroform  and  ethert  very  soluble  in  aqueous  and  ab^ 
solute  ethyl  alcohol,  methanol,  ethyl  acetate  and  pyridine;  very 
readily  soluble  In  acetone* 

REFEBENCt;: 

P+  Pfeiffer*  Ber*  dtsch#  chem*  Ges*  2121|  £123  (1906)^ 


Trich  brotWoquoch  fo  m iu  m 
[CrCJg{OH,)*l 

3[CrCl-(OH=)i)Cl  = 2ICtCMOHj),]  r IQtCUOH^),]0\  2 U^O 
6^1.3  ^24.9  2fie.5 

Green  cliromium  ohiorlde  hydrate  [Cj:C1s(OHh)+JC1  - 2 HsO  la 
converted  into  [CrCla(OHa)4]Ci  on  standing  for  3 days  in  a vacuum 
desiccator  over  cone*  H3SO4*  It  Is  then  suspended  in  absolute 
ether;  [CrClaCOHa)^]  is  formed  by  disproportionation  and  dissolves 
with  a brown-violet  color.  On  evaporation  of  the  ethereal  solution 
in  the  absence  of  atmospheric  moisture,  [CrCt3(OH3);i]  is  obtained 
as  an  amorphous  brown  powder. 

PROPERTIESi 

Formula  weight  312-43.  Brown,  amorphous,  very  hygroscopic 
powder*  rapidly  altered  by  traces  of  water.  Soluble  in  water  with 
a yellow-green  color,  which  quickly  becomes  pure  green  owing  to 
a reaction*  Solutions  in  ether  may  be  stored  without  change  if 
moisture  is  absent. 

RXFEaENCES; 

A,  Recoura.  Comptes  Rendus  Hebd.  Seances  Acad.  Scl.  1£4,  229 
(1932);  19fi|  1654  (1933);  see  also  F*  Hein.  J,  praht.  Chfem. 
l&a,  168  (1939). 


Tfichtorotrietha  nolochroRilum 

CrCI,  + 3C,HsOH  = tCiCl,(C,H,OH),] 

1S8.4  loaa  396,6 

(in  the  absence  of  moisture)  with 
auoiote  alcohol  and  a small  piece  of  alne  (or  CrCls),  The  CrCU 


£4.  CHROMIUM*  MOLYBoeMUH,  TUWOSTCW,  UMNIilM  fji*r^ 

dissolves ^ the  solution,  Mfhlch  Is  red  when  hot  aod  greofi  wbOB  0Ol4> 
Is  concentrated  Iji  a vacuum  desiccator  over  cone*  HaS044  Tto^T«d 
crystals  which  deposit  are  washed  with  some  absolute  aloolwl  anS 
ether,  and  stored  dry* 

PROPERTIES: 

Dark  red,  hygroscopic  crystals;  soluble  in  alcohol,  acetone 
and  chloroform  with  a red  color  which  scon  becomes  greenp  The 
aqueous  solution  decomposes  rapidly ^ 

(REFERENCE; 

I,  KoppeL  2*  anorg*  Chem*  471  (1901}, 


Trichforotriamminectiromlum 

[CiCJ,{NH,)J 

Prepared  from  (NHalaCrO*  and  hydrochloric  acid* 

Five  grams  of  triamminechromium  tetroxMe  (far  preparatloflj 
see  p*  1392}  is  introduced  into  50  ml.  of  well-cooled  ceno*  HCI 
(constant  stirring).  The  resulting  gray- to  blue-green  precipitate 
is  filtered  off.  The  neutral  complext  which  deposits  from  the 
filtrate  after  standing  for  1~2  days,  is  fUtered  with  suction  and 
washed  with  water  until  the  washings  become  colorless.  It  is  thett 
dried  by  washing  with  alcohol  and  ether. 


PROPERTIES; 

Formula  weight  209*48.  Blue  crystals  with  greenish  tlng^« 
insoluble  in  cold  Kjfi.  Dissolution  in  warm  causes  aquation 
to  fCrCl;a(OH3)tNH3}glCl-  Presumably  trans  form, 

■■  .-.t 

REFERENCE:  . : 

A.  Werner,  Ber,  dtsch*  chem+  Ges*  2269  (1910)* 


Trichlo  rotripyrldinecbromium 
[CrCitpyil 

L CrCia  + Spy  ^ [CrCl,pyj] 


:o 


The  CrClg,  in  excess  of  dry  pyridine,  is  lit 

of  a amall  grloule  of  CrCia,  CrCl,  tUsaolToa  oomplet^^ 
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som«  ttm«.  giving  a green  color.  The  solution  in  filtered  and 
eooled,  whereupon  the  [CrClspya]  crystalUaes  out.  On  distilling 
the  pyridine  from  the  mother  liquor,  the  compound  can  be  obtained 
ia  silmost  quantitative  yield* 


n Addition  of  HaO  to  a pyridine  solution  of  green  chromium 
chloride  hydrate  [CrCl,(HaO)4]Cl  ^ 2 HsO  yields  a peen  powder 
which  consists  essentially  of  a mixture  of  [CrClspy^]  and 
fCr(OH)s(HqO)apya]Cl-  When  this  mixture  is  treated  with  HCl^ 
the  latter  salt  goes  into  solution  as  fCr(H30)4pyaJCIg*  giving  a 
deep  red  color*  The  residue  consists  of  crude  [CrClspya]*  This 
is  dissolved  m cone,  HCJ  ajid  reprecipitated  by  pouring  the  filtered 
solution  into  a large  amount  of  water.  Finally  the  [CrClapy^j  is 
recrystal  liaed  once  more  from  pyridine. 


PROPEHTIES: 

Green  leaflets,  readjly  soluble  in  pyridine,  chloroform,  acetone 
and  cone,  HCl;  sparingly  soluble  in  ethyl  alcohol;  insoluble  in 
water*  ether,  benzene  and  naphtha. 


HEFEWENOESi 

P*  Pfeiffer.  Z*  anorg*  Chem*  24>  282  (1900);  55,  99  (1907)* 


Chromium  [!tl)  Glycinate 
(H*PffCHtCOO)iCr 

CrCl,'6H,0  + SHiNCHXOOH  + SNaOH 
286.S  235.2  130.0 

= (R^NCH.COO)aCT  3NaC)  + SH^O 
274.2 


An  aqueous  solution  of  One  mole  of  green  chromium  chloride 
hydrate  and  3 moles  of  glycine  Is  boiled  while  3 moles  of  NaOK  is 
added  gradually.  This  gives  a dark- red  solution  from  which  a 
violet  compound  separates.  The  latter  is  filtered  off  while  the 
mixture  is  still  hot.  The  filtrate,  after  cooling  and  standing  hi 
vacuum  over  H^O^i  deposits  still  more  of  the  violet  compound, 
^ether  with  larger  rad  crystals.  After  suction- filtration  and 
a^ingt  the  heavy  red  cryetais  are  separated  from  the  lighter 
violet  ones  by  slurrying  with  alcohol.  In  this  way,  both  compounds 
are  obtained  in  analytically  pure  state* 

PEOPEBTIESt 


^ t^stala  = chromtum  (Hi)  glycinate,  (HaNCHaCOOJsCif. 

7””*  crystals  = so-called  “tasic*'  chromium  (HD  glyclna' 

(WII^agpOO)sCrpH)aCr(OOCCH3NKa)5  • H3O. 
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Both  C4^pounds  are  sparingly  soluble  In  water  and  laaolnbte  ill 
organic  solvents*  ^ 

Chromium  {m)  a-aUninate  can  be  obtained  In  an  aaakwttid 
manner-  If  the  reaction  Is  allowed  to  take  place  in  oonc*  soUntleiit 
the  red  chromium  (in)  alaninate  separates;  the  ‘•baald'^  dteroulna 
(III)  alaninate  is  obtained  by  evaporation  of  the  solution, 

HEFERENCE: 

H-  Ley*  Ber,  dtsch*  chem,  Ges,  380  (1912)* 


Chromium  |t1l)  Xonlhote 
l(C,H,OCSJ,CrI 

KCt{SO,\  + 3C,ltOCStK  = [{C,H„OCS,),Cr]  + 2K*SO^ 

(laKtO)  m3  415.B 

499.4 

A solution  of  20  g,  of  potassium  xanthate  in  some  water  te 
treated  with  a solution  of  23  g*  of  chrome  alum.  The  bluO'-btedk 
compound  which  precipitates  is  filtered  off  with  auction  and  dried 
on  a clay  plate.  It  is  dissolved  in  pyridine,  and  water  Is  adfted 
in  drops  until  a permanent  clouding  Is  obtained*  The  solution  is 
then  allowed  to  stand  undisturbed  to  bring  about  cryotallteatlod* 
The  crystals  are  separated  ty  filtration  and  dried  In  vacuum* 

PflOPEHTtES: 

Dark“blue  crystalline  powder j soluble  In  organic  media,  ih- 
soluble  in  water* 


REFEUENCEt 

J*  V.  Dubsky.  J*  prakt,  Chem*  90^  llB  (1914)* 


Chromiufii  {III]  Acetylocotonote 

(cj»70,)*a 

L Cr(CH*000)t  + SGiHaft  ="  [(C^H70()*Cf]  4^  aCHBGOOH*^*  ^ 


.-.frl 


B H,0} 

S37^ 


SOOlS 


A mixture  of  40  e-  of 
&ee  p.  1371),  150  lul,  of  weter,  40  ofapetyl^CBfeOBe 


I3M 
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a K AMtlC  »cid  is  tested  iintU  solution  Is  complete  and  crystal- 
linUoa  of  the  internal  complex  begins.  Then  the  solution  is 
teUed  for  a short  time  until  the  liquid  bumps  vigorously,  it  is 
codled  gtsdusHyi  then  oMlled  in  Ice  and  filtered.  The  first  crop 
tffordn  18  g.  of  chromium  acetylacetonate,  which  can  be  recrystal- 

liMd  from  chloroform -benzene, 

II.  0(NO,;,  + 3CjHjO,  = f(CsH,0,),Cjr]  + 3 HMD, 

W0.3  S'*®'® 

An  alcoholic  solution  of  :CT(0H3)flJ(N03)s  is  treated  with  the 
stoichiometric  quantity  of  acetylacetone  and  then  gently  refluxed. 
The  chromium  complex  crystallizes  out  after  the  excess  alcohol 
is  distlIJ«d  off. 

n£FERENCES: 

Red" violet  crystals ^ m.p,  216'*;  can  be  sublimed  in  vacuum. 
Soluble  in  alcohol,  chloroform  and  benzene;  virtually  insoluble  In 
water  and  petroleum  ether. 

REFERENCES; 

F*  Hein.  J.  praltt,  Chem,  153,  169  (1939);  F.  Gach.  Moivatsh.  Chem. 
^,108  (1900),— As  far  as  preparation  from  chromium  chloride 
hexahydrate  and  acety  lace  tone  in  the  presence  of  urea  is 
concerned^  see  W*  C-  Fernelius  and  F-  E*  Blanch  In:  T*  Moeller, 
Inorg,  Syntheses,  Vol,  V,  Kew  York- Toronto- London,  1957* 
p.  130. 


Chroniyl  Chloride 

L lC,CtOi  + 2NaCl  -f  2 K.SO,  = CiOtCi,  -f-  Na,SO*  + KJSO^  -i-  2HtO 
iW*  ija,9  ise^l  154,9 

A clay  crucible  is  used  to  fuse  200  g.  of  KaCrO*  with  122  g.  of 
NaCl  at  a temperature  which  should  not  be  excessive.  The  jnelt 
te  poured  onto  a sheet  of  iron  and  broken  up  into  coarse  pieces. 
Tluee  are  placed  in  a 2- liter  ground- joint  fJask  and  covered  with 
n of  100%  H3SO4.  A distilling  condenser  is  connected  to  the 

uuk  at  and  a ground-joint  receiving  flask  with  a gas  outlet 

^ that  condenser.  When  the 

nmauir  vigorous  reaction  becomes  moderate,  the  reaction  flask  Is 


i4,  CHftOMtUM*  molybdenum*  TUNGSTEN*  UNAHIUM 

heated  gently  until  no  further  CrOaClg  dlatillB*  The  etude  wodklM 
Is  purified  by  a second  dletiUation  Inadiy  ground-glasd  eppArfltiidJ 
the  pure  CrOaCla  Is  collected  In  dry  glace  ampouIcB,  whlcdi  are 
then  nnelt-sealed* 

H-  KiCrjOr  + 4 NaCl  + 3H,SD*  = aCrO,Clt  + KiSO*+2NatSO*  + 3H|0 
294.2  lie,9  294.2  309,8 

It  l5  possible  to  omit  the  fusion  step.  Thus*  150  g*  of  ftunttig 
H^04  Is  added  in  portions  to  a mixture  of  50  gv  of  NaCl  and  80  g, 
of  KaCTaO?  (both  thoroughly  dried).  Further  procedure  Is  the 
same  as  in  method  T,  The  yield  is  approximately  50%,  based  on 
K gCr  aO?" 


m*  CrOs  + 2HCI  -=  CiOiCIt  + HiO 

im.o  1S4.9 


A solution  of  50  g,  of  CrOg  in  170  mi.  of  conc*  HCl  Is  prepared, 
and  100  ml,  of  cone*  HaSO^  is  added  in  20-ml*portloti3  while 
cooling  the  flask  in  ice*  The  fluid  mixture  Is  poured  into  a sepa- 
ratory fuTuiel,  and  after  20  minutes  the  lower  CrOaCla  layer  is 
drained  Into  a small  ground- joint  flask*  Dry  air  is  bubbled  through 
it  for  several  minutes  and  the  crude  CtOaClg  is  distilled  as  In 
method  I. 


PROPERTIES  J 

Oeep-red  liquid;  fumes  copiously  In  moist  air*  Should  fee  stored 
in  the  dark  and  in  sealed  glass  containers  ^ M*p-  —86*  6 " C * b-p*  117  Cs 
d®|  1,9118*  Can  react  explosively  with  combustibie  organic  and 
inorganic  substances*  Soluble  in  other  inorg;&nic  acid  chlorides 
and  organic  liquids  * such  as  POCls,  CCI4,  CHClg  and  CaHa* 


SRFERENCES: 

I and  nL  L-  VanlnOi  Handb.  d*  Prapi  Chemle  {Randt^k  of 

arative  Chemistryl*  I,  Stuttgart,  IMfij  j-itntixi 

n.  E.  Moles  and  L.  Gomes,  phys,  8^  613 

See  also  H.  H.  Sisler,  Inorg,  Syntheses,  Vol.  H,  New York-lrf^^ 
1946*  p*  205*  ^ Itij, 

■ , 

Chromium  TriDxide-Pyrfdine 

. . I V'  ■ - ^ 

C*0|*2py  , 

2C^,N  + CiOi  - 2C>H»N-erO, 

Four  grams  of  CrO^  (0.^  moU)  is 
hours  at  110  *C  and  then  chilled  in  lce*ssdt  toixturei 


r.  KE1N  AND  s.  HERZOG 


nv^kUne  (0*«  mole)  la  simUarly  chilled  in  a 300-mU  Erlenmeyer 
SLk.  Tte  Dvrldlne  Is  agitated  vigorously  while  situated  In 

a cold  bathi  and  the  CrO^  is  slowly  added*  The  flask  Is  then  stop-' 
vend  and  shaken  ftirther  until  solution  is  complete  (solution  ia 
keened  by  the  use  of  a large  excess  of  pyridine)*  The  cooling  is 
necessary  to  prevent  oxidation  of  the  pyridine-  The  excess  solvent 
is  then  removed  in  vacuum.  The  product  is  sensitive  to  light. 
Slow  evaporation  favors  the  formation  of  large  crystals.  Yield: 
10.3  g.  (100%)* 


PEtOPEftTlCS^ 

Yellow  to  dark" red  crystals*  Soluble  In  pyridine;  insoluble  in 
CCUp  benzene  and  ether.  Hygroscopic,  Decomposer  slowly  at 
100 *C;  at  higher  temperatures,  burns  to  give  voluminous  green 
chromium  oxide*  Hydrolyzes  at  once  with  water.  Stable  in- 
definitely in  the  dark.  Stored  in  sealed  containers  at  room  tem- 
perature, 

AE  SERENCES; 

H,  H*  Slsler,  D-  Bush  and  O-  E*  Accountiiis^.  J-  Amer.  Chem, 
Soc*  70,  3627  (I94fl);  O*  E-  AccOiintius,  J*  D,  Bush,  and  H.  H- 
Sisler  In:  J.  C*  Bailar.  Inorg,  Syntheses,  VoU  IV.  New  York- 
LojadoU’ Toronto,  1953,  p,  94, 


Chromyl  Nitroie 
CrO,(NOjj 


CrOj  r NsOi  - CrOr(NOi), 
iyo,o  iflfl.o  aoB.fl 


A powder  funnel  is  used  to  rapidly  pour  8*3  g*  of  N^O^  into  a 
50-mJ-  ground-joint  flask  prech&r^d  with  7 g,  of  CrOg  and  a few 
(vacuum)  boiling  stones-  The  flask  is  attached  to  a distillation 
apparatus  whose  joints  are  lubrlcnted  with  silicone  grease  and 
which  is  protected  against  entry  of  atmospheric  moisture  by  means 
^ a PgiOe  tube^  The  reaction  begins  after  a short  tlm6j  with  fusion 
of  tte  solids.  The  reaction  mixture  should  be  left  standing  overnight 
at  room  temperature* 


TJ®  St- red  liquid  product  is  distilled  in  aspirator  vacuum*  A 

IJ^d-niirogezKoooled  trap  fe  interposed  between  the  apparatus  and 
aapirator  to  prevent  access  ofmoisture  and  to  condenne  the  NO3 
^ which  distill  off.  The  CrOafNOsla  distills  at  a bath 

tenyeratoe  about  75 *C  (partial  decomposition)*  The  receiver 
Own  conlalne  5,8  g.  of  pure  CrOatNOa)  a* 


24.  CHROMIUM,  molybdenum*  TWNGSTEK*  UAANtUM 


f3«?^ 


PROPKmSS: 


Dark-red  Hqiild,  sensitive  to  moisture,  M,p,  -27*C, 
(10  ^ mirti)  2S^C;  (17  mm,)  67^C,  Decomposes  at  about  120*C, 

nePEUENCESr 


h,p* 


M,  Schmeisser  and  D,  Lutsov*  Angew*  Cbem.  66-  230  (1954); 
D-  Lutzow,  Thesis,  Univ.  Munchen,  1955* 


Ctiromyl  Perchlorate 
CrOitClO.). 


CrOa 

100.0 


2C!iO. 


CrOj[aO^), 

2&2.0 


+ ±CiOr  + V*0» 

m.9 


A two-neck  flask  is  used;  then,  at  ~50*Ci  5 g*  of  ClaOs* 
followed  by  3 g*  of  CrOa,  Is  added  through  one  neck.  This  neck  Is 
then  closed  off  either  with  a ground  stopper  lubricated  with 
fluorlnated  hydrocarbon  grease  (see  under  Ql^O^  p,  299  f,)^  or  by 
sealing  off.  The  other  neck  leads  to  a manifold  carrying  sealabte 
ampoules  and  a secondp  similar  flask.  The  open  end  of  the  manifold 
is  closed  off  with  a PaOe  tube* 

The  cold  bath  is  now  replaced  with  a bath  at  +6*C,  The  ClgOa 
melts,  and  the  two  components  react  vigorously*  The  reactor  Is 
allowed  to  stand  at  0“C  for  several  hours  (preferably  overnight}- 
After  this,  no  further  gases  are  evolved. 

The  reactor  is  now  cooled  with  liquid  nitrogen  and  the  entire 
system  evacuated  to  about  0*1  mm.  The  cold  bath  fe  removed  and 
the  second  flask  (at  the  manifold)  Is  cooled;  within  a few  minutes^ 
Cig  and  ClOa  distill  with  foaming  To  remove  these  gases  com- 
pletely, the  vessel  ia  immersed  in  a bath  at +20*C  for  one  hsH 
hour  and  vacuum  is  applied-  As  soon  anno  further  volatiles  dfetlU, 
the  bath  temperature  is  raised  to  about  36-36*C*  The  Cr0a(Cl04)a 
now  distills  into  the  manifold  and  flows  into  the  first  ampoule 
{transparent  red  liquid)*  The  manifold  with  the  ampoules 
somewhat  inclined.  When  sufficient  corned  collected  in 
first  ampoule,  the  latter  is  sealed  off.  Additional  dfetlll^pro^^ 
collects  In  the  stub  left  from  the  first  ampoule,  and  is  driveii 
the  next  ampoule  by  heating  with  a hot-air  blower* 

PftOPEHTIES! 

ftert  U«tiH  varv  sensitive  to  moisture.  M.p.  ™1*C,  b.p. 
WC.’lvjweiM  oxidu*;  (Ussolrea  to 

months  In  the  dark  at  Dry  Ice  temperature.  Often  e^ode&^ 
+80‘C. 


F,  >tEIN  AMP  S,  (tEfiZOe 


RtFSASMCES: 

M.  Schmelaser.  Angew.^  Chem.  493  (195B}^  D.  Lutzow,  Thesis, 
UtotT,  MUnchen,  1955- 


Rubidium  Chromate 
RbtOOt 

L RbtCOi  + CtOj  ==  RbjCrOi  + COj 

231.0  lOO.O  2S7.0 

Obtained  by  evaporation  of  an  aqueous  solution  of  CrOa  which 
has  been  neutralized  with  RbaCOa  (or  RbOH}^ 

The  by-product  EbaCr^T  forms  at  even  a very  small  excess 
of  CrOa;  therefore  somewhat  more  than  the  stoichiometric  quantity 
of  RbsCOs  should  be  used. 

IL  Preparation  analogous  to  that  of  Cs^CrQi. 

PBOFERTIES: 

Yellow,  rhombic  crystals,  isomorphous  with  K^CrO^  and 
K^O*.  Readily  soluble  in  water  (42%  at  Z0“C). 

HEFEBEHCES; 

L.  Grandeau.  Ann.  Chim.  Pbys-  (3)  63  , 228  (1363};  J,  W.  Retgars, 
Z.  phya.  Chem,  8.,  39  (1891);  Abeggs  Handbuch  der  anorg. 
Chemie  [Abegg’s  Handbook  of  Inorganic  Chemistry],  IV,  1, 
p.  362  (1921). 


Rubidium  Dichrotnale 
RbiCr^Q^ 

I.  BbjOOj  + 2CiOi  = Rb*Cr^7  + CO, 

231.0  200.0  387,0 

Obtained  by  evaporation  of  stoichiometric  mixtures  of  HbaCOs 
(or  RbOH)  and  CrOg. 

B.  Preparation  analogous  to  that  of  CSgCriO.,. 


MOPEftTae&: 

forms  A and  B deposit  together  troni  eolutlba 
^^-colorfid  monocltolc  or  red  trfoliafo  cjyetala; 
Moderately  soluble  in  water  (5%  at  l8*C)a  ■ ^ 


2-t.  CHROMIUM,  MOUY8De«UM,  TUNGSTtN,  URAHIUM 

REFERENCES: 

L.  Grandeau.  Am.  CWm  Phys,  227  (186S);  Abeggs 

der  anorg,  Chemie  IV,  1,  p.  m2  (1921), 


C«$tuni  Cbromota 
GstGuOi 

C$,Cr^v  + Ba(OH),  = BaCiOi  + Cs*C(0*  + HiO 
«1,8  171.4  2534  SS4J9 

A small  excess  of  Ba(OH)a  Is  added  to  a warm  solutjoo  o£ 
CsaCraO?-  The  sparingly  soluble  BaCrOi  Is  fUteied  off  and  the 
solution  Is  concentrated  until  erystajllaation  occurs, 

PaOPEBTIES; 

Yellow  hexagonal  or  rhombic  crystals,  readily  eoluhle 
water* 

referee^ce- 

> 

J.  H.  de  Boer,  J.  Broos  and  H.  EmmeJis*  Z.  anorg.  aUg.  Ob^i 
191.  113  <1930). 


Casium  Dichfomtite 


Cs>|C^Ot 


(NH4).Cr,0T  + 2Csa 
S5M  3MT 


CsiCriOr  3 NHiCl 
mjR 


HaaotJon  of  ivarm  solutions  of  (NH4)3CraOr  and'^CsClr^ 
by  coolings  yields  oraage-red  crystals  of  Cs^Cr^O^^ivluOttfii 
contain iaated  with  about  5%  of  (NH4)aCraiOT* 
ammonium  salt,  the  product  Is  calctaed  at  a 
Reciy stall!  zatlon  gives  an  excellent  yield  of  pure  CSaOr^*- 

PltOPEHTIESt 

Orange- red  tricllnlc  c^StalSi  spa^iiBly 
soluble  in  hot  water,  ^ ^ ' 


twt 
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RErKRENCE; 

K*  <1®  Bocrp  J-  Broos  ind  H.  Eminens,  Z.  8.norgi  Allg*  Chem, 
191.  113  (1930). 


Pofatsium  Ftuor®chrPm(jle 

K[Cr0.rj 


K^CrjOr  + 2HF  2KrCrOjF]  + KtO 

40-0  3lfl-2 

Powdered  KaCr207  is  heated  in  a Pt  dish  with  excess  of 
cone.  KF  until  solution  is  complete.  On  cooling,  KfCrOaFJ  sepa- 
rates as  red  crystals, 

PROPERTIES: 

Formula  weight  158.11.  Kuhy-red  bipyramlds,  readily  soluble 
in  water.  Etches  glass  vessels  Lo  which  It  is  stored.  Crystal 
structure;  tetragonal  (space  group  Cfh). 

REPEREMCeS: 

A.  Streng.  Liebigs  Ann.  129,  227  (1&£4);  J.  A,  A.  Ketelaar  and 
E.  Wegerlf,  Recuell  Trav,  Chtm.  Pays-Bae  §7,  1269  (1938). 


Potassium  Chlofodiromate 
KfCxO,Cl) 

K,Cr,OT  + 2HCI  = 2KlCrO,Cl]  + 

SM.2  72.9  349.1 

L Flfiy  granj3  of  fine  KaCrgO*^  povtfder  is  dissolved  in  a mixture 
of  65  mL  of  cone*  HCJ  and  50  mL  of  water  (by  heating  to  70 ^C)- 
The  solution  Is  filtered  through  a Jacketed  funnel  heated  with  hot 
water*  After  1-2  days,  the  naacent  crystals  are  filtered  off  with 
auctioup  reci7stam^  from  glacial  acetic  add,  and  dried  in  ft 
vacuum  deeiccator  over 

IL  KjjCrO^  + GiO*CU  aK[CrOiCl] 

. ^ three-aeck  flask  is  fitted  with  a stirrer,  a thermometer,  ® 
wefpuig  funnel,  and  a gae  outlet  tube,  A solution  of  76  g.  oi 


£4.  chromium,  molybdenum,  tunssten.  uranium 


^ placed  in  the  'fUskg  «nd  8(  «.  fl| 

diopwise  with  atlrrlng.  The  tenmer«tvre  !s  b»M 
flt  90-100  C ^ meatia  of  a Bimsen  burner.  Stlrptogle  iwmtiTBwm 
for  1 hour  at  the  same  temperattire  and  the  flask  coatentd  U0  tbM 
poured  Into  & beaker.  After  18  hours  the  jaasoent  CTystele  anv 
filtered  off  with  suction  and  pressed  ti^ether  flrto^  to  remove  rtu* 
mother  liquor  as  thoroughly  as  possible  without  waeldiig.  The 
product  is  then  placed  on  a clay  plate,  covered  with  a watch  glass, 
and  allowed  to  stand  for  10  hours.  Yield:  109  e.  (81%,  based  on 
KaCrO*}. 


The  mother  liquor,  cooled  at  0*C  for  1.5  hours,  yields  about 
16  g.  of  less  pure  KlCrOsCl],  To  puri^  this,  30  g.  of  the  impure 
product  is  dissolved  in  100  ml.  of  acetone,  filtered,  and  700-800 
ml,  ofCCU  is  addedslowlywtth  stirring!  16-17  g.  of  pure  K(CrOaCl] 
is  thus  obtained. 


rSOPERTIES! 

Formula  weight  174.56!  d 9,497.  Sparkling,  orange-colored 
crystalline  needles,  soluble  in  glacial  acetic  acid  and  acetohe. 
Undergoes  hydrolytic  cleavage  in  water.  Heating  the  salt  to  100*C 
causes  loss  of  chlorine. 


nsrSRENCES: 

I.  L.  Vanlno.  Haitdb.  d.  Prap,  Chemie  [Handbook  of  Ppeparatlve 
Chemistry],  f,  Stutigart,  92S,  p.  321, 

II,  H.  H.  Slsler  in:  W.  C,  Fernelius,  Inorg.  Synthesas,  Voh  H, 
New  Yorfc-London,  1946,  p,  208. 


Potosslum  Teiraperoxochromote  fV) 


K)CiOt 


Prepared  from  KOB,  CrO®  and  HaOa* 

A mbrture  of  25  ml*  of  50% 
end  100  ml,  of  HgO  is  cooled ina  cold  bath  untU 
Now,  30  ml.  of  30%  HaOa  Is  added 

being  taken  to  keep  the  solution  temperature  from  rls^ 
0*C.  The  initially  red-yellcw 
color.  The  salt  which  drops  to  the 
hours  Is  filtered  off  with  suction,  wf^hed 
washings  are  colorless,  _ 

vessel?  The  yield  Is  about  60%>  based  on  the  Hs^)a  ased. 
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||^IlO?Sin'IES; 

Formula  weight  £S7*30,  Red-brown  crystaJs,  which  may  be 
stored  for  months  without  decomposition.  Moderately  aoliible  in 
cold  water  I insoluble  in  alcohol  and  ether, 


R£FEaENCE: 

E.  H.  Rlesenfeld,  H.  E.  Wohlers  and  W,  A*  Kutsch*  Ber.  dtsch. 
ohem.  Ges*  1S87  (1905), 


Ammortfum  PentepafOxodJchromcite 
(NIL)*CrsO„'2Hi,0 

Prepared  from  NH4CI1  CrO^  and  HaOs* 

The  procedure  for  the  blue  ammonium  salt  is  the  same  as  that 
used  for  KgCrOe  (see  above).  The  quantities  used  arei  100  ml,  of 
HaO,  5 ml*  of  cone,  HCJ,  10  g.  of  NH4CI,  10  mL  of  BC%  CrOg  solu- 
tion, and  25  ml*  of  30%  HbO^,  At  the  end,  the  product  is  washed 
only  briefly  with  90%  alcohol, 

PEOPEaTIESi 

Formula  weight  336,13,  Violet-black  crystalline  powder  com 
slating  of  Oat  prisms  which  show  strong  pleochroism  (bright  red- 
brown  and  dark  blue-violet).  May  be  stored  for  a few  days  In  a 
cold  desiocator^  transforms  completely  to  (NH+j^rO^on  24-hour 
exposure  in  the  airj  decomposes  explosively  at  50 ®C  to  Cr^Oa* 
Soluble  in  ice  water  (violet-brown  color}* 

REFERENCES: 

E,  H*  Riesenfeld,  H*  E*  Wohlers  and  W,  A*  Kutsch,  Ber*  dtsch, 
chero.  Ges,  3B,  1888  11905J;  O.  F.  Wlede,  Ber,  dtsch,  chem. 
Ges,  518  (1898);  H.  Schwarz  and  H,  Glese.  Ber,  dtsch. 
chem,  Ges.  6Gj  310  (1833). 


Diperoxotriammlnechrojnium  ()V) 


{NH,)iCK>4 


]^ared  from  ammonia,  CiOa  and  H 3O3. 

^ 1-0%  ammonia  and  6 ml,  of  50%  CrQ» 

•ounon  Is  treated  dropwise  at  0*c  with  5 ml,  of  30%  KaOs.  Til? 


CMROMltfM,  MOUVBOENUM,  TlINBSTBNt  URAMIUM 


mi 


res^tact  ia  «ist  aUowed  to  stand  for  one  hour  In  a cooling 

^ixt^e  Ls  then  heated  (together  ^th  the  copious  preotpiSS 

of  (NH4,)3Crg07  contained  therein)  to  about  50'C  until  the  rUtof  ons 
evolution  of  gas  oeases  and  the  salt  dissolves  almost  crat^tel». 
Finally  p the  solution  la  filtered  aiid  cooled  once  nuMre  to  0*C*  TOe 
{NHalsCrO*  which  cs^ystEllisea  is  filtered  off  with  snctlon,  wedhed 
^ith  absolute  alcohol  and  etherianddrledina  desiccator  over  KOlL 
Yield:  about  0*3  g* 

SVNONYMSt 

Chromium  tetroxide  trianumlne  or  trianmiinecliromiuia  tc“ 
tr  oxide. 


PROPEHTEES: 

Formula  weight  167*11;  1*964,  Llght^brown  needies, 

soluble  iu  dilute  ammonia  and  water  (partial  decomposition)*  £n* 
soluble  In  other  solvents*  The  product  should  be  protected  from 
moisture,  but  because  of  the  danger  of  exploe ion ^ storage  ampoules 
other  than  the  type  sealed  by  fusion  of  the  outlet  should  he  used* 

REFE  BENCES] 

£.  H.  Hlesenfeld.  Ber,  dtsch*  ehem*  Ges*  gS*  4070  (1905);  O.  F- 
Wlede*  Ber*  dtsch.  chem*  Ges*  30,  2160  (1897);  for  discussion 
of  valence  state,  see  S*  S*  Bhatnagar,B*  Prakash  and  A*  Hamid. 
J.  Chem.  Soc*  (Loudon)  193S*  143S* 


Barium  OrJhoc  hr  ornate  (IV} 

B4iCK>4 

BaCrO*  + CrtO,  + 5Ba(OH)*  ^ 3B*tCrO*  + 5H/) 

253.4  :52,0 

stoichiometric  quantitieB  of  the  starting  msteri^s.  which 
be  very  pure  and  anl^oua,  are  thoroughly  miMd, 
very  email  excess  of  Ba(OH)*.  Ue.,  0,03-0,06 
must  be  provided.  Any  larger  excess  of  the  base  will  glve^^^^W- 
tbe  heating  which  foUows,  to 

formation  of  tritaarlum  chromate  (ry),  BaaCrOs.  iat^  % 
b**tyy,  blftcklsh-green,  glittering  crystalilne  powder  which 

olive-brown  under  the  microscope  J i,  iiii 

About  4 g.  of  the 

boat  In  an  Os-f^ee  nitrogen  etream  <2  hours  *Jt  SDO-OhO*^), 


t3M 


F*  HEIW  AND  S.  HEPIOG 


PAOPERTIES: 

Mlcxocrystalllnfi,  heavy  emerald  green  powder.  Readily  soluble 
la  dilute  MCI  or  HC104«  even  in  the  cold,  with  brownish  yellow 
color.  Water  causes  hydrolysis.  Stable  to  methanoL 

REPCIiENCE: 

R,  Scholder  and  G.  Sperka.  Z,  anorg.  allg.  Chem.  49  (1956). 


Bo  rium  Chromate  (Vf 


2BaCrOi  + BaCOi  ^ Baj(CrO|)n  f COn  -h  */iO- 
SOCJ  l^'A 

An  intimate  mixture  of  1 mole  of  BaCr04  and  0.50  moles  of 
BaCOa  i3  heated  in  an  O^-free  nitrogen  stream  at  lOOD^’C,  Four 
hours  of  heating  suffices  for  about  2 g,  of  reactants.  The  Ba 3(0104)  ^ 
product  is  of  excellent  purity, 

PHOPERTIESi 

Black-green  microcrystalline  powder.  Water  causes  gradual 
decomposition.  Completely  soluble  in  dilute  acids,  with  dispropor^ 
tlonation  to  Cr  (HI)  and  Cr  (Vi), 

S£F£fiErtCS: 

It  Scholder  and  W.  Klemm,  Angew*  Chem.  6B,  463  (1954), 


Sattium  ThiocKromito 
NaCiS, 

Prepared  by  reaction  of  KaCrO*  with  a soda-sulfur  melt* 

An  mtimate  mixture  of  Ipartof  K3Cr04  With  30  parte  of  KNaCOfl 
and  30  parts  of  sulfur  is  heated  for  30-60  minutes  in  a covered 
sintered  alumma  crucible;  the  latter  is  placed  in  an  electric  furnace* 
TTie  temperature  is  750-8 50® C,  After  heating,  the  crucible  is  allowed 
to  cool  slowly.  The  cold  melt  is  slurried  in  water,  then  washed  by 
decantatten  several  times  with  dilute  KaOH*  The  thlochromlte  IP- 
mtered  off  and  thoroughly  washed,  first  with  dilute  alcoholic, 
i pure  alcohol,  and  finally  with  ether.  The  product 

to  Iree  of  potassium  despite  the  use  of  K salts.  < 


24.  CHROMIUM,  MOl,Yai>e«UM,  TUNeSTEH,  UIWNUlM 
PBOPEflTIEB: 


Formula  weight  139.13;  d 3.2.  CryetaUtno  gray-Wack 
grftgate  with  a greenish  luster.  WeU-torme4  hexattenal 
are  produced  above  800"C;  these  appear  gamet-red  liv  tnnflmii+kui 


PEFERENCETS: 

W.  RUdorff  and  K.  Stegemann.  z.  anorg.  aUe,  f!>i»«i,  25 1, 379 
(1943);  R.  Schneider.  J.  prakt.  Chean.  416  (1897).  


Dibenzenechromiutn  jO) 
(C.H,),Or 


3CrCi,  + 2A1  + AlCl,  + 6CJH, 
53.d  133.3  4Sa.e 

2[Cr(C<H,),J*  + S*Oi 


AlCh 


+ 4 OH-  -+  SCrfCJh)!  + 9 SO, 
413.3 


8 [Ci<C^0,l[Aia3 

+ 2K|0 


A 250-ml.  three-neck  flask  is  used,  and  25  g.  (0.16  moles)  of 
anhydrous  CrCIs.  3*5  g.  (0.13  moles)  of  dry  A1  powder,  and  60  g. 
(0.45  moles)  of  sublimed  and  rapidly  ground  AlCU  weighed  ln> 
The  flask  Is  evacuated  several  times  with  an  aspirator  and  refilled 
with  dry,  O^-free  nitrogen.  Then,  ISO  ml,  of  absolute  benzene  is 
introduced  In  a countercurrent  stream  of  inert  gas.  The  flask 
is  again  evacuated  for  several  minutes  to  remove  traces  of  RCl 
(with  the  evaporating  benzene) ■ Then,  10  drops  (0.3  ml*)  9t 
mesi^lene  are  added  under  protection  of  the  N a blanket.  The  flas^ 
is  now  fitted  with  a reflux  condenser  carrying  a mercury  preasur^: 
relief  valve,  A high-speed  Hg-seal  stirrer  and  a Stopper  are 
placed  on  the  other  necks. 

The  Na  stream  is  cut  off  and  the  mixture  Is  refluxed  for  3Sfr. 
40  hours  with  vigorous  stirring.  The  flask  contents  are  cooled, 
decomposed  by  pouring  slowly  (under  Na)  hito  200  ml,  of  ■, 

contained  In  a 4- liter  three^neok  flask.  The  latter  la  cooled  hi  Ic^- ' 
two  of  the  necks  are  fitted  with  stopcocks  and 
high-speed  Rg-ssal  stirrer.  Then  200  ml.  of  HaO  Is  ^^aw^,,., 
When  hydrolysis  is  complete.  2 liters  of  benzene  te  ^ed,^e&  « 

solution  of  220  g.  of  KOB  te  of  « 

aoUd  sodium  Is  rapidly  Introduoed.  After  2 09^53.^ 

high-speed  stirring,  the  dark-brora  eolutfoit  le.oa^^u^ . 

■'"fith  suction  (in  the  absence  of  air)  into  an  eva^suated  3~lite» 


■t^  .-  ■■ 


ts»c 
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wiitch  <»rries  an  Ka  inlet  tube.  The  solutionis  dried  with  solid  KOH. 
It  U then  transferred  (under  Na)  to  a distillation  apparatus,  and 
the  solireat  is  removed  thoroughly  on  a hot  water  bath.  The  solid 
Iklttch  residue  is  washed  3 times  with  absolute  ether  (under  N^)  and 
then  sublimed  in  high  vacuum  at  160 *C.  Yield:  29,6  g.  (flOJ,  of 
theoretical). 

pROreRTlES.- 

Black,  diamagnetic  crystals,  sensitive  to  air,  M-p,  234-286 *C. 
Slightly  soluble  in  ether  and  petroleum  ether,  giving  a brown  color; 
moderately  soluble  in  benzene* 

REFEEEMCES: 

E,  O-  Fischer  and  W,  Rainer,  Z,  Naturforach.  10b,  665  (1956);  Z, 
Anorg.  flllg-  Chem*  236.  146  (1956);  E,  O*  Fischer,  W-  Ha&ier 
and  J,  Seeholzer,  Private  communication* 

B?*{dJphenyl|cbi'omium  jO) 

{C«H„),Cr 

{ (CijH.ie)*CrJ  ^ (Ct*H!o)(Cr 


The  melt  is  prepared  and  hydrolysed  in  the  same  Tnarmer  as 
described  below  for  bis  (diphenyl)  chromium  (1)  iodide.  The  first 
filtrate  is  rejected* 

An  excess  of  alkaline  sodium  dithionite  solution  is  added  under 
Ng  to  the  later,  pure  orange^red  filtrates,  whereupon  the 
bi5(diph6nyl)chromium  (I)  cation  Is  reduced  instantly  and  pre- 
cipitates as  bis{diphenyl)chromimn  (0),,  After  standing  for  one  half 
hour  the  precipitate  is  filtered  off  on  a large*  fine  fritted-glass 
funnel  and  then  dried  for  1^2  days  over  P^Os-  It  Is  then  extracted 
with  ether  or  pentane  In  the  absence  of  air;  the  bis  (diphenyl)  chro- 
mium separates  from  the  solvent  in  beautiful  small  crystals*  These 
filtered  off,  dried  in  vacuum*  and  stored  under  Na>  Yield;  iO  to 


PBOPEHTt&S: 


Crystals  with  braseUke  luster,  M.p,  (not  sharp)  at  112"C» 
ether,  alcohol,  benzene,  etc.;  diamagnetic.  Limited 
etspuiy  la  air  when  dry,  Dlbenze&echromluin  (0)  and  diplieoyl' 

o Tt  A a dl 


I rr  ^ wc  iiitsparea  irom 

ctircmlum  (I)  salts  in  esentlally  the  same  way* 


CHROMIUM t MOLYBDENUM,  TUNGSTEN,  URANIUM 
kefluencgE: 


J Chem.  Bar.  89,  1814  {lflS6)j  F.  HUv 

and  W.  Klemwachter.  PTivats  unpubllsiwd  commuiUoatloD, 


Dibanzenochromtum  {1}  Iodide 
[(C.H,)rf>ll 

Tan  grama  (0,08  moles)  of  Cr{C«H6)a  flue  powder  la  shaken 
with  200  ml.  of  benzene  and  100  ml,  of  in  a separatory  funnel, 
while  air  is  passed  through,  until  all  the  solid  dlssolTes  and  the 
benzene  phase  becomes  Yirtually  colorless.  The  yellow-brown 
aqueous  layer  is  filtered  and  treated  with  saturated  aqueous  K1 
solution  (stirring)  until  no  further  yellow  precipitate  separatee 
out.  After  cooling  In  Ice,  the  precipitate  Is  filtered  off,  washed  3 
times  with  some  CgHBOHj  and  finally  with  ether,  [t  Is  then  dried 
in  vacuum.  Yield;  10,6  g.,  or  65%  based  on  CrtC«Re)^ 

PUOFERTIES; 

Egg-yellow,  stable  in  air,  moderately  soluble  in  HsO. 

UEFSaEKCES: 

E.  O.  Fischer  and  W.  Hafner.  Z.  anorg,  allg.  Chem.  286,  146  (1956); 

E,  O.  Fischer,  Private  communication. 


5ia(diphenyi)chromiuin  (I)  Iodide 


[Cr(Cj,H„)dI 


Ten  grams  of  sieved,  anhydrous  CrCls  dust,  6 g.  of  A1  powder* 
27  g,  of  sublimed  dlphei^l,  and  30  g,  of  AlGl^  (powdered  in  ^ 
mortar)  are  separately  dried  for  one  half  hour  in  ao.  oveu  at 
110  *C,  Then,  the  CrCl^  is  mixed  intimately  with  tlie  Al  powder, 
and  the  biphenyl  with  the  AlCls.  The  two  mixtures  are  then  blended 
thoroughly  with  each  other  in  a 160-ml,  beaker  plaoed  fh  ft  dxgk* 
iug  oven.  Finally,  the  total  mixture  Is  covered  with  a layer  ffl* 
pure  biphenyl  (3-4  g.>,  and  the  beaker  Is  covered  with  a watofe- 
glaas.  The  beaker  is  now  placed  in  a silicone  oil  bathprebe«^ 
to  100 "C,  and  the  bath  temperature  is  slowly  raised  to  UP*(?,  At 
soon  as  the  reaction  begl^  (110-120*0,  melting  of  thttidiatt 
followed  1^  puffing  up  and  evolution  of  KOI  vapors),  top hegtlng  ^ 
the  oil  hath  is  discontinued.  The  heat  of  xesotion 
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tomwrEtuTfir  of  the  mixture  to  rise  spontaneously  to  140-lS0“c. 
\il«^  10  minutes  the  malt  ta  stirred  vigorously  with  a thermometer, 
care  being  taken  to  keep  the  temperature  from  rising  above  160*c, 
f be  reaction  is  allowed  to  coruplete  itself  In  one  half  hour^  Durtjig 
this  time,  the  oil  bath  temperature  Is  kept  at  laO'C.  Careful  con- 
duct of  the  melt  reaction  Is  most  important  In  this  preparation. 

The  beaker  with  the  melt  Is  now  cooled  to  room  temperature. 
The  melt  is  added  with  a spatula  to  lOO  ml,  of  methanol  (addi- 
tion in  portions)  in  an  flOO-ml.  beaker  placed  in  an  ice  bath. 
An  orange-red  to  brown  solution  forms;  cold,  saturated  NaCl 
solution  is  then  added  with  stirring.  This  yields  an  easily  fil- 
tered product  which  is  separated  once  on  a 15-cm,  Buchner 
funnel.  Then  about  3 g,  of  solid  KI  is  added  to  the  acidic,  dark- 
brown*  filtrate:  this  causes  precipitation  of  the  his (diphenyl)chro- 
mium  (I)  cation  present.  However,  most  of  the  product  is  in  the 
filtration  residue,  and  is  obtained  by  leaching  the  residue  several 
times  (on  the  funnel)  with  100-ml,  portions  of  water,  followed  toy 
suction-drying.  Before  each  leaching,  a fast  stream  of  air  is 
drawn  through  the  filter  cake  for  10-16  minutes,  in  order  to 
oxidize  any  remaining  chromium  (0)  to  the  monovalent  state.  The 
leaching  Is  discontinued  when  the  wash  water  becomes  almost 
colorless.  The  bis(dipbenyl)chromluiti  (I)  iodide  Is  repredpitated 
hy  stirring  about  8-10  g.  of  solid  KI  Into  the  filtrate.  It  Is  filtered 
off  with  suction  and  washed  with  water,  then  10  ml.  of  alcohol  and 
two  10-ml,  portions  of  ether.  Yield:  22-25  g.  The  crude  product  ia 
already  very  pure;  it  can  be  recrystallized  from  alcohol. 

PROPS  HT  IBS; 

formula  weight  487.33;  m.p,  157 ®C,  Depending  on  siae,  orange 
to  reddish  black  crystals.  Soluble  in  pyridine,  alcohol,  chloroform, 
acetone;  almost  insoluble  in  benzene  and  water:  insoluble  in  ether 
and  naphtha.  Not  sensitive  to  dilute  hydrochloric  acid. 

REFEREKCES^ 

F.  Hein.  Her.  dtscb.  chem.  Ges.  S4,  2716  (1921);  E,  O,  Fischer  and 
D.  Seus.  Chem.  Ber.  69,  1814  (1966);  F.  Hein  and  W.  Klein- 
wachter.  Unpublished  private  commuiilGation. 


(Dip(ieRy(|(benzens|chrom(um  (i)  Iodide 

AH  operatltme  ate  conducted  under  pure  No  in  the  abeoDoe  of 
moisture. 

A Gri^rd  solution  la  prepared  from  37  g.  of  magnesium,, 
zab  g.  of  taroinobeDsene  and  900  ml.  of  absolute  ether.  After  tUS; 


£4*  CHI^OIvnuhf^  MaLvaOENUM^  TlMG£Ten,  UnAHtUM 

end  of  the  re  action  ^ the  solution  is  decanted  from  the  unroactod 
Mg  into  a 1,5-liter  fiulfonatlon  flask,  which  is  provided  with  a 
stirrer,  a thermometer,  a tap- injection  bulb  from  which  solid 
reagents  can  be  added,  and  inlet  and  outlet  tubes  for  Kg, 

The  solution  is  cooled  to  -15  to  Vigorous  stlrrhig  and 

good  cooling  are  provided,  and  40  g,  of  sublimed  CrCig  Is  tapped 
from  the  bulb  into  the  flask  at  a uniform  rate^  total  addition  time: 

2 to  a hours,  (The  CrCla  is  preextracted  wlthboiUng  HCl,  washed, 
dried,  and  sieved  through  a U,  S*  standard  6(Kmosh  screen^)  The 
reaction  temperature  should  not  rlas  above  — 12*C,  The  mixture 
becomes  black-brown.  After  the  addition  of  CrCl^i  stirring  is 
continued  2 to  3 hours ■ After  standing  overnight  in  an  ice  chest, 
the  mixture  is  stirred  thoroughly  and  decomposed  by  pouring  It 
slowly  onto  an  ice-HsSO*  mixture  (760  g.  of  ice,  25  ml*  of  con<^* 
contained  In  a 4- liter  breaker*  The  addition  proceeds  in 
air  and  with  constant  stirring  while  the  beaker  is  immersed  ki  an 
ice- salt  bath.  The  yellow- red  ethereal  emulsion  Is  rapidly 
decanted  into  a dish  and  the  ether  Is  driven  off*  The  aqueous 
layer  is  filtered  through  a suction  funnel  with  the  largest  possible 
filtering  surface. 

The  residue  from  the  ethereal  layer  is  stirred  with  apipitoxi* 
mately  50  ml,  of  50%  KI  and  50  ml,  of  saturated  Efa^^O^  soIutloUt 
and  is  then  thoroughly  extracted  with  chloroform  (shaking  In  a 
separatory  funnel)  until  the  solvent  is  only  slightly  yellow*  The 
aqueous  solution,  which  contains  KI^  Is  combined  with  the  filtrate 
from  the  aqueous  layer  and  similarly  extracted  with  chloroform* 
The  residue  from  the  filtration  of  the  aqueoua  layers  the  filter 
paper,  the  funnel,  and  all  vessels  are  also  extracted  with  chloro- 
form- The  combined  orange-colored  chloroform  extracts  (which 
contain  the  crude  iodide)  are  washed  twice,  each  time  with  15  ml* 
of  KI  and  10  ml.  of  Na^SOg  solutions,  then  once  with  25  ml.  of 
HgO,  and  dried  for  34  hours  over  anhydrous  potassium  carbonate* 
The  filtered  chloroform  solution  is  concentrated,  under  anhydrous 
conditions,  in  aspirator  vacuum  at  a bath  temperature  of  25  to 
30^C-  The  residual  viacous  mass  Is  rinsed  into  a dish  with  a 
minimum  amount  of  chloroform*  To  remove  diphenyL  the  material 
ia  triturated,  first  with  lOO-ml.  portions  and  later  with  30-ml. 
portions  of  absolute  ether,  until  a sample  of  extract  shows  almost 
no  residue  on  evaporation*  A total  of  X.5  to  8 liters  of  abaolutc 
ether  Is  required*  The  visotma,  red-orange*  crude  iodide  hardene 
and  becomes  powdery  as  the  extraction  of  diphenyl  progresses* 
It  ie  dried  over  PaO^  in  vacuum*  It  may  be  kept  for  montto" 

stored  in  a cool  place  away  from  light*  YIeldi  35™40  g,  of 
crude  iodide.  It  is  composed  of  bis  (dlpberyl)  chromium  ff)  iodide* 
(d}phei)yl)(bensetie)  chromium  (I)  iodide  (the  prlnolpui  coastlt-' 
ueat),  and  a very  smaU  percentage  of  dibenaenechromium  <9; 
iodide. 


1400 


F,  HElff  AND  S.  HERZCe 


To  obUin  pur«  (diph€nyl)(ben3;ene) chromium  (1)  iodide,  the 
urwodwo  is  follows:  39  g-  of  crude  Iodide  Is  dissolved  hx  900 
mh  of  methanol,  treated  with  300  mh  of  water,  and  passed  through 
mi  anion  exchange  column  (e*g*p  OH  form  of  Wofallt  L 150  or 
.AmberUlo  IRA  410;  150  g.  of  dry  material  in  70%  methanol)  at  a 
rate  of  3 mh/min.  The  column  is  then  eluted  with  70%  alcohol 
and  the  yellow  to  orange  fraction  of  the  filtrate  is  collected  in  the 
absence  of  COg*  This  fraction  is  concentrated  In  aspirator 
vacuum  at  a bath  tamperature  of  30-35  until  a methanol^ free 
solution  remains.  This  is  filtered  to  remove  a slight  cloudiness 
(diphenyl).  The  clear,  filtered  solution  is  diluted  to  300  ml*  with 
water  and  treated  with  a solution  of  16  g.  of  anthranllic  acid 
(m.p.  145*C)  and  12  g*  of  KOH  in  60  ml*  of  H3O  while  cooling 
the  flask  in  ice?  this  treatment  causes  the  (C  iBHio)3Cr  (I)  anth- 
ranilate  to  deposit  as  an  orange^yellow,  amorphous  precipitate* 
After  standing  for  3 hours,  the  precipitate  is  removed  by  filtration 
through  a very  fine  fritted- glass  funnel*  The  filtrate  ts  treated 
with  20  g*  of  solid  KI  in  a separatory  funnel.  The 
(CeHa)Crl  separates  at  once  as  an  olL  The  oil  is  extracted 
with  chloroform  until  the  latter  is  only  slightly  yellow.  The  com- 
bined chloroform  extracts  are  thoroughly  shaken  with  some  20%  KI 
solution,  and  then  with  a very  small  quantity  of  water;  the  extracts 
are  then  dried  for  several  hours  over  potassium  car^bonatc-  The 
filtered  solutions  are  concentrated  hy  distilling  off  the  chloroform 
in  vacuum  (under  anhydrous  conditions)  at  a bath  temperature  of 
30-35 Finally,  about  a 10-fold  quantity  of  absolute  ether  is 


added>  causing  an  orange -red  oil  to  separate;  this  gradually 
solidifies  and  can  be  ground  under  ether.  The  supernatant  ether 
layer  is  replaced  2 or  3 times  to  remove  the  chloroform.  The 
powder  is  filtered  off  under  anhydrous  conditions,  washed  several 
times  with  ether,  and  dried  in  a drying  pistol  at  2 mm*  and  55-60*C 
(using  acetone  as  the  heating  medium)*  The  product  is  recrystal-* 
lized  by  dissolving  in  absolute  alcohol  at  60-70*C  (anhydrous  con- 
ditions), filtering  through  a very  fine  fritted^glans  funnel  while  still 
hot,  and  storing  overnight  at  ^20 *^C,  This  yields  massive  oraugc-^red 
crystals.  The  (CiaHio)(CaHe)CrI  can  also  crystallize  in  goMcn- 
yellow  hexagonal  leaflete,  but  these  transform  into  the  orange-* red 
crystals  after  standing  for  several  days  in  the  mother  liquor. 

Since  the  (CisHioKCeJFf^jCrl  Often  separates  as  an  oil^  seeding 
the  solution  may  be  helpful.  The  precipitation  can  be  completed 
by  very  slow  addition  of  a 3-  to  5-fold  quantity  of  ether*  The 
pr^ipitate  is  filtered  off  under  anhydrous  conditions,  washed  twice 
wm  some  1;  1 absolute  ether /absolute  ethanol*  twice  with  absolute 
ether,  and  then  dried  to  a constant  weight  in  a drying  pistol  at  2 
n^*  atid  55-60 '^C  (using  acetone  aa  the  heating  medium).  This 
oryjng  quantitatively  removes  the  ether*  wMch  otherwise  eudheres 
tenactousjy.  Yield:  26  g,  of  (C^  aHiaXCeHaJCrl. 


-■I- 
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The  (tliphenyl)(benzeiie)chromium  (1)  iodide  o&n  also  be  »o- 
pared  by  a reactive  Frledel-Craits  reaction,  starting  ndlh  m 

benzene,  diphenyl,  CrCla,  AICI3  and  Al 
powder.  The  reaction  can  be  carried  out  under  reflux  at  atmos- 
pheric pressure  , but  again  affords  <diphetiy)(benzene)Ghromiuig  in  a 
mixture  with  aiben^ene chromium  and  bis  (diphenyl) cfaromlum^  After 
conversion  to  the  iodides,  they  must  be  separated  from  each  other 
in  a manner  analogous  to  that  given  above. 

The  yield  In  this  method,  even  under  the  most  favorable  coe- 
ditions,  is  lower  than  that  of  the  Grignard  procedure. 


PHOPERTIES: 

Formula  weight  411,33.  Red-orange,  massive,  somewhat  U^it- 
sensitive  crystals.  M.p.  approximately  16fl"C  (decomp.).  Can  be 
stored  in  vacuum  or  under  Ng  in  the  dark.  Readily  soluble  in 
pyridine;  soluble  in  chloroform,  alcohol  and  acetone;  less  soluble 
in  water;  insoluble  in  ether,  benzene  and  petroleum  ether. 


nFFERENCES: 

P.  Hein.  Ber.  dtsch.  chem.  Ges,  3741  (1921);  F.  Hein  and  H, 
Meininger.  Z.  anorg.  allg.  Chem.  1^,  115  (1925);  F-  Rein  and 
E,  Marker!.  Ber.  dtsch.  chem.  Ges,  61,  2261  (1928);  F.  Hein, 
P.  Kleinert  and  E.  Kurras,  Z.  anorg,  allg.  Chem.  269,  229 
(1957);  H.  H.  Zeiss  and  M.  Tsutsul.  J,  Amer.  Chem.  Soc.  79, 
3062  (1957);  F.  Hein  and  K.  Btsfeld.  Z.  anorg.  allg.  Chem. 
292.  162  (1957). 

Molybdenum 

Mo 

I.  MoO,  + 3 Ht  = Mo  + 3HiO 

m.o  BT,si.  w,o  54.1 

The  MdO^  is  obtained  by  heating  ammonium  molybdate.  Since 
MoOg  is  volatile  at  higher  temperatures,  it  Is  prereduced  in  a 
stream  of  hydrogen  at  about  500*C  to  the  nonvoiatile  lower  oxides. 
The  oxides  are  then  reduced  to  the  metal  at  about  lOOO^Q*  The 
product  is  allowed  to  cool  in  an  stream,  and  the  metaLds- 
obtained  as  a gray-black  powder,  ^ 

II.  SMoOi  + 4A1  - 3MO  + 2AJ*0, 

353.9  I07.&  257.9  2010 

Because  of  the  volatulty  of  MoOs,  the  starting  materials 
MoOg,  which  is  obtained  by  reduction  of  M0O3  with  Hg  b4 


I4U 
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A clay  crucible  ambedded  in  dry  eand  la  u^d,  and  a 
t if  MoOa  and  21  g.  of  Al  powder  (or,  better,  A1 
atiMure  cX  80  g.  of  M a placed  in  It,  The  mixture  1b 

ISilhesolWmeltofMO,  weleMng about  M g. 
ctticibte  tebrotrenxT,  ^ 4q  of  jjoOa  la  charged. 

The  me<»l  eo»ttte98-98.5*  Ho  a,  wou 

fts  eomft  Sl^  Fe  wid  Al, 


PROJPEBTIES: 

solid  MO  la  bright,  with  a d^S^?- 

black-eray.  depending  ou  particle  siae.  M.p.  2620  C,  » 10.23, 
hardnesa  5.5.  Attacked  (with  difficulty)  by  nonoxidizing  acida  and 
aoueous  alkalies.  Crystal  structure;  A 2 type. 


REF^REMCCS: 

H.  Funk.  Darst.  der  MetalLe  Im  LaborEtorium  [Preparation  of 
Metals  in  the  laboratory] , Stuttgart^  1933,  p*  69  f,;  H,  Bilta 
and  H-  Gartner,  Ber,  dtsch.  chem.  Ges.  39,  3379  (1906). 


Dibfliiienemolybdertum  |0] 

(C|H,),Mo 

An  intimate  mixture  of  4 g.  {0,015  moles)  of  MoClgt  3 g,  (0^023 
moles)  of  anhydrous  fine  AlCls  powder  and  1 g*  (0.04  g.-atoms)  of 
Al  powder  is  placed  in  a glass  combustion  tube  of  about  75-mL 
capacity*  About  30  ml,  of  absolute  benzene  Is  then  added*  The  tube 
is  evacuatedi  sealed,  placed  in  an  Iron  protective  tubCi  and  heated 
la  a horizontal  position  for  15  hours  at  120®C* 

After  cooling,  the  tube  la  carefully  opened  and  the  dark- colored 
CQQtents  are  decomposed  with  £0  ml,  of  methanol  (cooling)  and 
tbea  treated  with  75  ml,  of  water*  The  residue  is  filtered  off  on  a 


*Ignitfoa  mlxtUTB  {German  “Zundgemiech*^  or"Zilndkirscho^*"^ 
igiutloa  cherry)  Is  made  from  15  parts  by  weight  of  barium  peroxide 
wd  2 parts  of  powdered  magnesium  metal,  intimately  mixed  and 
bcldt^ether  with  collodion.  The  whole  is  wrapped  with  magnesium 
a piece  of  the  ribbon  serving  as  the  fuse*  Magnesium  burns 
the  evolution  of  much  heat;  the  barium  peroxide  furnishes  the 
jane  of  ojq/^een  needed  for  such  forced  combustion  (H, 

fiir  die  chemisehe  fodustrle  [Data  Book  for 
iKCbamlcalliidustxyJ,  ISthed.,  deGruy ter,  Berlin,  IBM,  p*  1314). 
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fritted-glftss  fiujual.  The  darh-oolored  filtrate  is  transfeTred  a 
SOO-iwIt  three-neck  flask,  carefully  prepttrged  with  flih 
solution  is  covered  with  200  ml.  of  benzene,  and  10  r.  of  potaaalou 
dlamlnomethanedisulflnate  (NH3)aC(gO,K)a  for  the  same  amotmt 
of  formanudmeaulfinlc  acid  {NR8>8CS0a!  Is  added  with  vigorous 
stirring.  Next,  60  ml.  of  cone,  ammonia  is  added  (under  a prd- 
tective  nitrogen  atmosphere}.  This  gives  rise  to  a green  color  la 
the  nascent  suspension,  as  well  as  in  the  benzene.  After  two  hours 
of  stirring,  the  green  benzene  solution  is  decanted  (in  the  absence 
of  air)  into  a fairly  large  Sehlenk  tube  (see  Part  I,  p.75)  which  has 
been  carefully  prepumged  with  Ns;  it  is  then  dried  with  solid  KOH. 

A green  crystalline  residue  remains  after  vacuum  removal  of 
the  benzene.  This  is  transferred  to  a sublimation  vessel  (complete 
exclusion  of  aJr)  and  sublimed  in  high  vacuum  at  100“10S*C. 

Yield:  with  {NKalaClSOaK)^,  1 g.;  with  (NHa)aCSOa,  0.7  g.;  or 
27  and  20%  of  theoretical,  respectively  (based  on  MoClg). 

P«OP£RTI£S: 

Green  crystals,  extremely  sensitive  to  air;  deoomp.  116 *C. 
Soluble  in  organic  media  such  as  benzene,  ether  and  petroleum 
ether.  Insoluble  Iti  water.  Very  sensitive  to  oxidation. 

HEFKSENCi:: 

E.  O.  Fischer  and  H.  O.  Stahl.  Chem,  Ber,  1808  (19S6). 


Molybdenum  (II)  Chloride 


Mo^CIi 


L eMoCl,  = MojCl,  + 3MoGl, 

1213,3  500,0  T133 

Heating  of  20  g.  of  pure  M0CI3  to  red  heat  In  a small  boat 
placed  in  an.  Og-free  nitrogen  stream  gives  bright  yellow,  analyt- 
ically pure  M03CI0  (03%  yield). 

3Mo  + 3COC1,  - Mv,C[,  + 3CO 
233.0  238.8  900.0 

A stream  of  COClg  (3  bubbles/sec.)  Is  allowed  to  react  with  8 g. 
of  very  pure  Mo  In  a Vycor  tube  (30  minutes  at  about  610*C).  Yield 
la  90%;  0.5%  Is  lost  in  the  form  of  side  prodoctsi  the  remainder  Is 
Reacted  Mo.  Heating  Is  carried  out  with  a-ithermostafeteiaijf 
Controlled  electric  furnace  precallbrated  to  610  *C. 


1«H 
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Tl»  sintered  reaction  mass  is  finely  ground  and  e^ractetj 
times  with  a mixture  of  95  parts  of  ether  and  5 parts  of 
SX?  (55flux).  The  filtered.  e«Wen-yolIow  solu^on  gives  (in 
vlcmtm)  a scalelikfl  residue  which  crumbles  to  a light^yelW 
dust  when  ground.  This  compound  corresponds  to  the  formula 
UOjCU  ■ CaHjOHi  the  alcohol  cannot  be  removed  without  de- 
compofiln^  the  product* 


PftOPEltTlES- 

Amoridious,  dull-yellow  powder,  stable  in  air.  Infusible,  non- 
volatUe:  d®|  3,714,  Insoluble  In  water,  glacial  acetic  acid,  toluene 
and  naphtha.  Soluble  ia  alcohols,  acetone  and  pyridine. 


J.  W,  BUtz  and  C,  Fendlus.  Z.  anorg.  allg.  Chem.  m,  384  (1928); 
S-  Senderoff  and  A.  Brenner.  J,  Elektrochem,  Soc.  JOJ.  28 
(1954). 

U,  K.  Lindner,  E,  Haller  and  H-  Helwig.  Z.  anorg.  allg.  Chem. 
130,  210  (1923). 


Molybdenum  ({f||  Chtoride 


MdCI, 


Mods  + H,  = MoCI,  + 2HCI 
273.2  22,4  i,  302,3 

The  reaction  tube  shown  in  Fig,  320  is  used  both  for  the 
preparation  of  M0CI5  (see  p,  1405)  and  the  siibsequent  reduction 
to  M0CI3. 


Ji!^  preparation  of  molybdenum  (TTT) 

secUonn  A iiidivldual  tube 

*«:  a 32  cm..  A 8 om.,  c 60-76  cm, 
The  LD.  Is  2-2.^  cm,,  I-1.2  cm.  at  the 

cons  tr  lot  Iona* 
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Six  grama  of  Mo  powder  Is  placed  at  a,  and  MoCU  la  preuurad 
from  it  (see  next  preparation)!  the  product  Is  then  subUmed  Into » 
and  c by  meatw  of  a Cla  streaax.  After  cooling,  the  clg  is 
with  COa,  and  this,  In  turn,  with  dry,  Oa~fi^  itydroeen.  The  left 
end  (near  Its  lowest  part)  of  zone  c is  now  heated  to  about  2G0*C  ad 
that  a 5-  to  10-cm.  section  of  the  tube  Is  filled  with  rad  vapor.  After 
some  time,  a white  mist  of  HCl  appears  at  the  tube  end  adJaceait  to 
the  moisture- retaining  silica  gel  tube.  Continued  volatilization  of 
the  Mods  (which  keeps  dropping  into  thelowestsectlonof  the  tube) 
results  in  a copper-red  coating. 

The  heat  source  Is  gradually  shifted  to  the  right,  until  an  thn 
MoCl  5 is  transformed  into  MoClg,  Overheating  should  be  scrupu- 
lously avoided.  The  reaction  requires  3-3  hours.  At  the  end,  the 
is  replaced  by  dry  COa,  and  the  remaining  MoCIb  is  distilled  from 
section  b so  that  none  of  it  remains  in  the  MoCla.  The  owreff 
Mode  is  driven  into  adapter  d (this  tube  Is  attached  to  the  reactor 
hy  means  of  an  asbestos  seal).  After  cooling,  the  reactor  fabe  ts 
cut  into  several  pieces  and  the  crystals  are  pushed  oirt  with  a 
rod.  Yield:  4-6  g. 

PBOPEKTIES: 

Copper-  to  brown- red  powder;  3.578,  Stable  in  atr;  sparingly 
soluble  in  pyridine;  Insoluble  in  water,  alcohol  and  ether.  Forms  a 
blue  solution  with  cone.  H^O«, 

BEPERENCES; 

H,  Biltz  and  W.  Biltz.  tibungabeispiele  aus  der  unorganiacben 
Experimentalcbemle  [Excerctses  in  Inorganic  E;i3»ri]neQtat 
Chemistry],  3rd  and  4th  eds„  1920;  W.  Biltz  and  C.  Fendlus, 
Z,  anorg,  allg.  Chem,  172,  369  (1928);  L,  P,  Lleohtl  and 
B.  Kempe.  Liebigs  Ann.  344  (1873);  see  also  A,  Bos«i'^ 
helm,  G.  Abel  and  R,  Lswy,  Z,  anoig,  allg,  Cbem.  200 
(1931). 


Molybdenum  (V)  Ctiloride 
MoCIf 

2 Mo  + sell  * 2 Modi 
191.S  mJOL 

The  apparatus  shown  In  Fig.  321  is  used  for  the  chlcrtaaidjEHk 
of  the  Mg.  During  the  eatperfroent,  an  additional:  Jarge>«dl#tha#^ 
piece  of  glass  tubing  Is  attached  at  c by  means  of  alarge^at&etbf 
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- this  glass  tube  is  pointed  upward  The  left  section 

USStSJhitae  -6 13  charged  with  6-10  g.  of  Mo  (for  preparation, 
JUT  iSl).  Then  CO,  and  H,  (both  free  of  oxygen  and  very  dry} 
fU  ^ the  tube  until  the  air  Is  completely  displaced 

fcoBjTwashbome  which  ie  connected  in  series.  The  CO,  How  is 
2TeU  cff,  and  the  Me  heated  in  the  hydrogen  a tre^  for  l-JS 
hours  Ithe  temperature  should  be  as  high  as  possible}.  The  water 
(Which  forms  ria  redaction  of  the  surface  oxide  laj^r)  is  driven 
^f  via  the  open  end  e by  means  of  a burner  and  the  tube  Is  allowed 


to  cool  in  the  H,  stream.  . j 

The  oxide  layer  may  also  be  reduced  in  an  alternate  procedure, 
whereby  the  Mo  is  heated  in  a dry  HCl  stream  until  no  further 
wooly  sublimate  (MoO,  • 2 HCi)  is  formed.  The  sublimate  can  be 
drives  Into  the  above  mentioned  glass  tube  by  gentle  warming 
(use  a hood!).  It  is  recommended  that  a drying  tube  or  a wash 
bottle  with  cone,  H,SO*  be  attached  at  the  end  of  the  reaction  tube 
to  maintain  anhydrous  conditions.  The  outlet  gases  should  pass 
through  the  drying  arrangement  before  entering  the  hood. 


Fig.  321.  Preparation  of  moly bdenum  (V) 
chloride,  Overall  length  of  reaction  tube 
about  1 m,;  part  a-h  30  cm.;  I.D.  2~2.5 
cm,  and  1-1,2  cm.  at  the  constricUone. 


^^Before  chlorination,  the  tube  Is  cooled,  the  attached  wash 
***^'*>  Purged  of  air  with  Cla.  and  the  Ha  (or  HCl} 
placed  from  tte  tube  with  Cla : during  this  operation,  plnchcock 
U Trains  closed.  The  reaction  between  Mo  and  Cla  either  starts 
^ni^oitsly  or  at  most  nee<te  only  very  gentle  heating  with  a 
initiation.  The  reaction  Is  accompanied  hy  the 
of  str^s  of  deep  duil-red  vapor  which  condense 

sertef  heating  of  the  Mo  with  a 

*.,--1^^  ^ well^  occasional  heating  of  constriction  b by 

fraecrystaUine  leaflets.  Mtense 
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1^ 


The  tube  contents  are  tdlmed  to  oool  In  a COa  c ta. 

closed  oif  with  a cork,  and  ble sealed  oif  with  a torot  The  Cfyni^ 
loosened  by  tapping*  and  transferred  to  a COa-fUied, 
long  storage  tube  of  the  same  diameter  aa  the  combustLon  tube 
storage  tube  is  slipped  ever  constriction  o)*  The  stora^  tube  ts  I 
then  sealed  oft 

propekties: 

Blue  “black*  extremely  hygroscopic  crystals:  dark  green  tf 
Qxychloridc  is  present,  M.p*  194*,  b*p,  268 ^ d*|  2*93 7^*  Soluble 
in  water  and  alcohol  (solvolysia);  soluble  without  decomposition 
in  organic  solvents  Such  as  ether^  CHCls,  CCl*  and  CS3- 


REFERSNCESt 


H*  Blitz  and  W,  Blitz,  Ubungsheispiele  aus  dor  unorgaalschen  Ex- 
peri  mentalc  hem  ie  [ £ xer eis  es  iu  Inorganic  Expe  rlmental  CherU'^ 
istry]*  3rd  and  4th  eds«,  1920*  p.  216;  W*  Blitz  and  A,  Voigts 
Z*  anorg,  al3g,  Ghem,  133.  299  (1924);  P*  Lieebti  and  B.  Kempo* 
Liebigs  Ann.  1^*  345  (1873);  E*  H,  Epperson  et  al*  Ino^, 
Syntheses  7*  163  (1963), 


Molybdenum  {HI)  Bromide 
MoBi't 

£Mo  + 3Brt  2MoBr, 

191.3  479,5  ari-4 

Obtained  (75%  yield)  by  heating  Mo  in  a stream  of  Br^  at  350*C* 
Separated  from  by-products  by  washing  In  coldt  HBr-sat*ixated 
water. 


PaOtERTESj 


Formula  weight  335*70*  Black*  densely  matted  cr^ 
ceedleSf  which  decompose  to  Mo^Br^  and  Br^  when 
absence  of  air*  Insoluble  in  water  and  acids*  readlly^-^l^ 
boiling  anhydrous  pyridine*  forming  JMoBr^pya]* 


SEFERENCE; 

A.  Hosenhsiin*  G*  Abel  and  Le:«y* 

a00  (1931>*  ^ 


Ft  AND  HERZOG 

[M«Bn^tI 

MoBri  + Apy  = [MoBrspyjj 

33S.7  iST.3  5T3-0 

Fh,e  exams  of  MoBxa  (see  preceding  preparation)  ts  refluxed  at 
120T  wSsOg.  of aJihydrous pyridine  (frequent swirling  neoeasary). 
^ wlrilne  action  is  rapidly  filtered  (suction)  to  remove 
aTcS^of  Residue  and  is  then  treated  with  o one.  HCI  until 
. wak  icid  reaction  is  obtained.  The  brown-yenow  precipitate 
which  forms  Is  filtered  off  and  washed  with  alcohol  and  ether.  For 
purlfioatlon  the  compound  is  extracted  with  chloroform  in  a 
Soxhlet  apparatus*  Crystal  clusters  cone  1st ing  of  small  octahedra 
separate  upon  slow  0vaporation  of  the  solution. 


PROPERTIES: 

Brownish-yellow  needlea;  crystallize  in  octahedra  from  chloro- 
form; soluble  In  pyridine;  sparingly  soluble  in  chloroform;  in- 
soluble In  water,  dilute  acids,  alcohol  and  ethyl  acetate* 


REFEAEHCBi 

A*  Boaenheinii  G*  Abel  and  R*  Lewy.  Z*  anorg*  allg-  Chem,  197, 
201  (X931). 


Potassium  Hexochloramolybdate  {IN] 
K^MoCU 


2MoO,  + SHCl  + 6KC1  G e 2K,MoCli 

asofl  447,3  f-K.O 


L A solution  of  20  g.  of  BsM®0*  • HjO  inl&O  ml.  of  gone*  HCI  ami 
ft  water  Is  slgctrolyzed  for  several  hours  at  about 

nn  t-  k kw  j fiectrolyBlfl  vessel  Is  water  cooled  and 

L *k  i»  bubbled  through  the  solution.  The  solution  is  thus  reduced 
to  the  red,  trivalent  state. 

**^®iSamated  Pb  may  be  used  for  the  cathode, 
j^ersed  in  X6%  HCl,  Is  separated  from  the 
catt^  electrolyte  by  a clay  cell  diaphragm. 

a free  ^ ev^orated  as  rapidly  as  possible  over 

a free  Oaine  ujUU  ita  volume  Is  about  20  ml.:  It  is  then  saturated 
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with  hydrogen  chloride  and  treated  with  a deaerated  10%sdluUeft 
of  15-20  g,  of  KCl  ip  distilled  water.  It  is  then  coocenti'eted  at 
70°c  and  reduced  pressure  until  cryaUla  begin  to  aeparate, 
filtered  and  resaturated  with  hydrogen  chloride  while  coolli*  in 
ice.  The  crystals  are  auction-filtered,  washed  with  ooac.HCl.  w«h 
alcoholic  HCl  and  finally  with  alcohol;  they  are  then  dried  tn 
vacuum. 

n.  Potassium  molybdate  is  dissolved  in  HCl  and  reduced  at  a 
cathode  immersed  in  a clay  cell.  Gaseous  HCl  Is  bubbled  thrmigh 
the  cathode  liquor  to  precipitate  the  KsMocl«. 

PSOPEHTIES; 

Formula  weight  425,98,  d*®  3.54,  Brick- red  crystals,  readily 
soluble  in  water, 

REFERENCES: 

I-  W.  H*  Bucknall*  S,  R.  Carter  and  W*  Wardlaw,  J*  Chem*  Soc* 
(London)  1927^  513 j A,  Rosenbelm  and  W-  Braun*  Z*  anorg. 
Chem-  46,  320  (1905), 

IL  S*  Senderoff  and  A,  Brenner.  Electrochem,  Soc*  20 

(1954):  see  also  K<  H,  Lohmaxm  and  R*  C.  Young  In;  J.  C. 
Ballar,  Inorg.  Syntliases*  VoL  IV,  New  York- London- Toronto, 
1953,  p.  97* 


Molybdanom  [tV]  Oxide 
MoOi 

I 

L MoOj  + Hj  = MoOie  + H.0 

144.0  22jit,  ias,<j  IS.0  ' 

hiolybdenum  (VI)  oxide  is  reduced  for  S-?  hours  in  a stream  of 
Hs  at  450  *C;  the  oxide  mixture  is  then  oalolned  at  dark-red  teat 
in  a porcelain  boat  while  a stream  of  HCl  is  passed 
causes  any  remaining  MoO^  to  Tolatillze  as  MoO^  ■ 2 HCl. 
the  product  is  allowed  to  cool  under  H*. 

II.  MELT  HEBIICTION  OF  M0O3  ffllTH  HH3 

The  following  method  is  useful  for  preparing  pure  MCO3:  feij^t 
grams  of  dehydrated  commercial  ammonHan  molybdate,  7 of; 
purified  molybdic  acid,  14  g.  of  calcined  KaCOa.-^'T  g,  of 
are  fused  together  in  a large-oapacliy,  cover ea  ^ ons^o  atttt' 
in  the  molten  state  for  several  honrsi  *:  Cooling  % 
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^ With  beautiful  MoO,  crystals;  this  Is  easily 

Tb.pur«  crjjMI.  T.  refill,  S8p.raw 
b^  Simple  extraction  of  the  melt  with  boiling  water. 


m.  A mixture  of  MoO,  and  Mo  (2: 1 mole  ratio)  is  heated  for  40 
hours  at  700’C  In  the  absence  of  air. 


JftOPEflTTtES; 

Brown-vloliet  p&wder  or  crystals^  InsolubJe  jn  water;  d ^ 4,696, 
Crystal  structure:  C 4 (rutile)  type, 

REFERENCES: 

f'rledlielni  artd  M-  K*  Ho^fniauix*  Ber.  dtsch*  diem*  Ges* 

792  (1902), 

IL  W,  Muthmana  LlebJgs  Ann-  2^^  llB  (1387). 

UL  A,  Magnell. G,  Andersson,  B,  Blomberg  and  L*  Klhlborg.  Analyt, 
Chem.  24,  199S  (1952). 


y-Molybdenum  Oxide 

MoiOt, 


HMoOa  + Mo  3Mo^OLl 
155*a.5  ac.o  . 1679.4 

Very  pure  molybdenum  powder  and  sublimed  MoO  a are  In- 
timately mixed  and  charged  Into  a preignited  alumina  crucible, 
which  is  placed  at  the  sealed  end  of  a quarts  tube.  The  mixture  is 
degassed  ia  high  vacuum,  purged  frequently  with  Og-free  argon, 
and  then  heated  for  3 days  at  580  *C  under  an  argon  pressure  of 
150  mm.  The  product  is  allavred  to  cool,  the  material  is  reground 
to  a fine  powder , and  reheated  for  3 days  in  the  same  manner. 


PaOPEBTIES: 

crysuuine  powder,  ReUtively 
alltalies.  Concentrated  HNOa  causes  slow 
w^tlon  to  MoOa*  Semiconductor  materiaL  d^°  4,18,  Ortho- 
rhambLc  crystals  (space  group  D^g), 

H£F£B£|«CES: 

‘ mineral,,  Geol.  19^.  1 <1944); 
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lower  Molybdenum  Hydroxides 

molybdenum  blue,  MoiOidOH), 

Obtained  by  reaction  of  nascent  hydrogen  with  M0O3* 

Fifty  mi.  of  diatitied  water  and  10  mL  of  cone*  HCl,  followed 
by  3 g-  of  analytically  pure  zinc  granules,  axe  added  to  10  g*  of 
MoO^i  The  mixture  is  left  standing  overnlghtf  the  blue  precipitate 
is  then  filtered  off,  washed  until  no  chloride  reaction  Is  exldeiit, 
and  dried  over  PgO^- 

AlterFuit&  methods:  a)  Keductlon  with  S11CI3  - 2 HgO  In  KCl 

solution* 

b}  SjTfithesis  from  MoOa  and  Mo  powder  (O*  Gleoaser  and  G* 
LutZp  see  below)* 

Other  molybdenum  blue  compounds:  See  O*  Glemser  and 
Lutz  (below)* 

PBOPEBTES: 

Formula  weight  477*82*  Blue  crystalline  powder.  In  air, 
oxidizes  very  slowly  to  MoO^*  Stable  to  NH^  and  alltnliea.  Good 
electrical  conductlvity- 

REFEMENCE: 

O*  Glemser  and  G*  Lutz,  Z.  anorg,  allg.  Chem.  264,  17  (1951)* 


This  olive^colored  hydroxide  is  obtained  by  the  action  of  zinc 
granulcB  on  molybdenum  trioxide  in  cone*  HCL 

An  Erlenmeyer  flask  is  fitted  with  a water-filled  valve  to  ex- 
clude air  (Contat-Gockel  attachment),  whereupon  1 g-  of  M0O3  Is 
charged:  IOC  ml*  of  cone,  HCl  la  then  added,  followed  by  about 
50  g,  of  zinc  granules.  The  solid  phase  first  becomes  blue  {for- 
mation of  Mo40io(OH)a  and  Moa04(OH)g]t  then  red  [Mo^OtCOIQ^Ip 
and  after  about  one  hour  green  [MoB0g(OlQia^  H desirable  to 
cool  the  flask  with  Ice  during  the  reduction.  The  MoBOg(OH)}o  te 
extremely  sensitive  to  air;  the  latter  must  therefore  be  excluded 
during  washing  with  water*  The  compound  Is  dried  with 
ultrogen  and  stored  in  sealed  tubes, 

PROPERTIES: 

OJtidlzea  Uwstantly  In  air.  evolving  heat  Evolves  hydrogens 
thermal  deoompoaitlon  In  vacuum,  forming  Bordeaux^^ 
MoBO?{OH)e.  This  la  also  the  mhln  produotobtaln^  in  the  rohewSte 
aerated  water  with  MOb09(OH)io* 


p „EtH  AND  S.  HESZOS 


rSFERSKCIS: 


ftfld  C.  «eyer-  Z-  '=‘1®*“*  285, 173 


;^olybdenum  {Vll  Oxtde 
MoOj 

^ =«,monium  molybdate  and  nitric  acid. 

Prepared  from  ^ ^ boiling  solution  of  pure, 

mr/aionioni  molybdate,  thus  precipitating  HaMnO*. 
recrystalhffid  ^ several  hours,  the  granular  precipitate  ia 
After  steading  " j.  ^^ashed  and  dried  for  16-20  lioms 

nt  it 

be  purified  by  sublimation  m a quartz  tube  at  780  C, 


SVNONTfMB: 

Molybdenum  trioKide;  molytadic  anhydride* 

PHOPEftTIES: 

Formula  weight  143,95,  White  powder,  turning  yellow  on  heating 
and  reverting  to  ^hite  on  cooling.  The  sublimed  product  consists^  of 
sparklingp  colorless  crystalline  flakes,  M*p.  795 b+p*  1155  C; 
d=S  4*696,  Solubility  at  28 *C:  0,490  g.  MoOg/liter  HgO,  Crystal 
form:  rhambic*  Space  group  V^jf* 

REFERENCES: 

W,  C-  Schumb  and  W,  H.  Hartford*  J,  Amer.  Chem,  Soc,  56,  2613 
tl&34);  0.  fftnigachmld  and  G.  Wittmann-  Z.  anorg,  allfr 
Chem*  S6  11936), 


Molybdic  Add 
HfMoOrH^ 


Prepared  from  ammonium  molybdate  and  nitric  acid.  ^ 
iwupwi^^.i^  solution  of  ammonium  molybdate  (iSfi 

MO  V offioi  temperature  {vigorous 

thee  seeded  ^ dissolved  in  the  clear  liquid, 

seeded  with  a few  granules  of  H,MoO,  - HaO.  On  staudl« 
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g-10  days  HaMoO^  - H3O  separates  In  ahnosttheorBUoal yield.  The 
acid  is  washed  for  several  days  by  repeated  deoantatloti  with  loe 
water. 

PROPE  RTmS; 

Formula  weight  179,98,  Transparent  canary-yellow  crystals^ 
very  sparingly  soluble  in  water.  Loses  1 mole  of  HaO  by  standing 
for  about  3 weeks  in  vacuum  over  H^04,  3,124.  Monoclinic- 

prismatic  crystals* 

REFEHENCH^: 

A*  Rosenheim.  2*  anorg,  Chem,  50,  320  (1906)* 


Ammonium  Oj^opentachloromolybdotc  t^) 
{NH|),[MnOai] 

£MoOi  + 6HC1  4NHtCl  + 2 e ^ 2 (NHiJtlMoOCUJ 
mM 

A1  PREPAHA  im  OF  MQO3  SOLUTION 

The  M0O3  (IQO  g*)  is  dissolved  in  RCi  (d  1,16,  5D0mlJb(y 
heating.  The  solution  is  concentrated  to  260  ml,,  filtered  and 
made  up  to  500  ml*  with  HCl. 

B)  ELKCr  ROLY  TIC  REDUCTION 

The  above-prepared  solution  (75  mL)  Is  diluted  with  an  equal 
volume  of  HgO  and  electrolyzed  at  a platinized  Pt  cathode  (surface  = 
5 cm.®)  at  2*5  amp.  until  hydrogen  evolves*  The  anode  is  made  of 
smooth  pt  sheet;  it  is  immersed  in  5 N HCl,  which  is  separated 
from  the  cathode  space  by  means  of  a clay  cell* 

The  resulting  red- brown  solution  la  vacuum-concentrated  to 
50  ml*  and  treated  with  a solution  of  9 g*  of  NH4CI  in  30  mi  of 
water;  the  mixture  Is  heated  for  about  one  minute. 

Hydrogen  chloride  is  introduced  while  cooling  the  flask  and 
emerald-green  crystals  are  precipitated*  These  are  recryetaUfsed 
by  dissolving  in  a minimum  quantityof  water  at  80*C  and  eaturatliig 
the  solution  with  HCl  while  cooling.  The  crystals  are  washed  with 
cone*  HCl  and  dried  In  vacuum  over  KOH- 

PHOPEHTIES: 

Formula  weight  325.32.  Emerald-green  octahedral  ciyataJs, 
which  dissolve  in  water  with  l^rdrolysis  and  devaloptnent  of  hrowa 
color. 
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HertR£HC£S; 

1 .hH  w Wardlaw.  J.  Chem.  Soc.  (London)  19^,  2146; 
"•  Z.  »*»w.  Che»..  M.  468 


Pptossium  Hydrogen  Dipero«omonomojybdote 
KHMoOi  - 2 HtO 


Potassium  molybdate  solutions  rich  ^ are  treated  with 

ooe  eJSlvalent  of  mineral  acid  per  mole  of  molybdate,  whereupon 
KHMoOe  * 2 HjO  crystallizes. 


pnOFEHTIES^ 

Formula  weight  268,09.  Long,  pale  yellow,  cryatalllne  needles. 


REFERENCES: 

K,  tTshTi  G&S*  Fr^ujid©  TH*  BfirHn  I93&i  91p  K«  F-  JRhr, 

Natiirforsch,  u*  M^dizin  in  Deutschlajid  [Scientific  Research 
and  lledicine  in  fiermany]  1939-1946  (FIAT  Review)  III, 
109. 


Telraammineiinc  Tefraper&xorf^Glybddte  [V)] 

[Zii(Na,),]MoO* 

Prepared  from  ammonium  molybdate  ^ NH^^OH  and  ZnSO^  Ify 
addition  of  H^Oa, 

A mixture  of  100  ml*  of  water i 100  ml*  of  conc,  ammonia 
(d  0*91),  and  20  ml,  of  an  ammonium  molybdate  solution  containing 
1 g,’atom  of  Mo  per  liter  is  cooled  to  -13^C  in  an  ice-sait  mixtuxOi 
Lower  temperatures  cannot  be  used,  since  water  is  frozen  out  (ice) 
at  -14'^c*  Then  30  ml,  of  Perhydrol  {30%  HaO&)  is  added,  followed 
by  20  ml*  of  1 M ZhSO*  solution  {brief  but  thorough  stirring)*  The 
solution  ifi  allowed  to  stand  undisturbed  for  1.5  hours  at  -12''C. 
After  one  telf  hour  It  is  examined  for  signs  o!  incipient  crystal- 
iizatmiL  n none  Is  observed,  crystal  formation  la  Induced  by 

nTf  rod.  The  crystals 

washed  twice  with  loe-cold  96%  alcohol  and  then 
twice  with  ice-cold  ether.  Yield:  about  3 g. 

P10PERTIE3: 

l>eep  red-brown,  lustrous  crystals; 
(decomposition),  Ammoniacal  solutions  are  more 
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staWe,  Insoluble  In  organic  solvents.  Appreciably  more  atoWe  than 

the  corresponding  pota^Blum  salt  and  barely  exploa ire.  HowevMj 
it  is  not  advisable  to  seal  it  into  ampoules*  14ay  be  stored  in  a 
desiccator  over  KOH  and  under  for  about  1 week* 

BEFESENCE: 

K.  Gleu.  2.  anorg,  ftllg.  Chem.  a04t  73  (1332), 

Molybdenum  (IV]  Sulfide 

MoSt 

I.  MoOi  + 3S  = MoS,  + SOt 

12SjO  90^  leo.l 

A mixture  of  150  g*  of  K3COa,310g*  of  S,  and  200  g*  of  M0O3  Is 
heated  at  red  heat  for  one  half  hour-  After  cooling  and  extracting 
with  water,  the  residue  Is  80  g- of  MoS  a*  It  in  also  possible  to  start 
with  200  g-  of  ammonium  molybdate,  150  g-of  KaCOa,  and  230  g,  of 
S:  this  affords  a more  crystalline  product,  although  iii  lower  yield* 
According  to  Bell  and  Herfert,  one  may  also  start  with  MoO^, 
KgCO^  and  S* 


IL  Mo  + 25  =-  MoSt 

64.1  leo.l 

stoichiometric  quantities  of  Mo  and  S are  heated  lu  an  tron  tube- 
The  MoSg  thus  obtained  has  the  crystal  lattice  of  natural  mo- 
lybdenite- 


SYNONYM: 

Molybdenum  disulfide* 


PHOPBItTlESi 

Opaque,  gray-blue  leaflets  with  a greasy  feel,  or  gr^hlte-1^ 
powder.  Sublimes  at  460*C;  d 5,06.  Soluble  (decoihposltlw)  m 
aqua  regia,  Decomposed  by  HgSO^  to  MoOs>  Electrical 
whose  conductivity  increases  with  Jllumlnatloii, 

Crystal  structure;  C 7 type,  : - 


BEFESENCES: 

I-  M.  GuicJiard,  Congitee  Bendus  Hebd.  Seances  Aca^  ^1, 1^. 

1239  (1899):  Ann,  Chlm,  Phy$i  7,  29,  S6B  (1901)}: B.  E,  Bell  and 
^ R.  E.  Herfert.  J,  Amer,  Chem. 

^ A.  E.  van  Arkel.  RecueU  Trav-  Chlm,  PaypsBaU:  #^  442 
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AmmoDiiMT  Totrothiomolybdate 
(NHiltMoSt 

prepared  by  treating  an  ammoniacal  ammonimn  molybdate 

*“^A’”solu!iSn*^5'5  g.  of  (NH*)  ^070,4  ■ 4 HaO  in  15  ml.  of  water 
Is  prepared  and  treated  with  50  ml.  of  ammonia  (d  0,94).  Then 
h/u  iatrodueed.  The  solution  firat  turi«  yellow.  later  deep  red. 

^ter  half  an  hour  a copious  quantity  of  crystals,  soma  of 
them  well-formed,  precipitates  suddenly.  The  crystals  are  washed 
with  cold  water,  then  with  alcohol,  and  dried  in  vacuum. 


PROPERTIES: 

Formula  weight  260.27.  Blood-red  crystals  with  metallic 
surface  luster,  readily  soluble  in  water,  very  sparingly  soluble 
in  alcohoL 


HErEfieWCE: 

G.  Kruss^  Liebigs  Aim^  2^i  29  (1884). 


Potassium  Oc^acyanomolybdate 


K|[Mo(CN)g]’2HsO 


L A saluti^n  of  Mo  (HI)  obtained  by  electrolytic  reduction  is 
oxidized  to  the  quadrivalent  state  with  a stoichiometric  quantity 
of  MoOa  and  is  then  treated  with  KH4SCN  and  pyridine*  The  pre- 
cipitate is  converted  to  K4[Mo{CNJbJ  ■ 2 H^Oby  reaction  with  KCN* 
A solution  of  15  g,  of  pure  MoO^  in  150  ml.  of  B N HCl  Is  re- 
duoed  to  the  trlvalent  state  at  a lead  cathode  (6-10  amp.)  while 
cwling  the  cathode  cell  (porous  clay)  with  water  and  bubbling  COg 
throu£^  the  solution,  A graphite  rod  Immersed  in  15%  MCI  serves 
as  the  anode. 


reduced  solution  is  treated  with  a solutton  of  7,5  g.  of 
MoQa  in  76  ml.  of  8 N HCl;  the  solution  thereby  changes  from  red 
^green.  The  Mo  (IV)  salt  solution  thus  obtained  is  poured  into  a 
^enir^d  solution  of  95  g.  of  NH^SCN;  80  g.  of  pyridine  is 
Thau  _a.  *i  made  weakly  alkaline  with  ammonia, 

of  air  carried  out  under  COg  in  the  absence 


to  during  the  neutraiiaatlon;  this  solidlftes 

^ OTollng  with  ice.  The  supernatant  liquid  is 
neriudea.  the  tar  is  washed  with  water  and  added  slowly  to  a hot. 
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saturated  10  M KGN  solution.  The  reictlon mixture  ts  oonoeutreted 
until  crystals  begin  to  deposit!  It  la  then  cooled  in  Ice  nnd  fUteied 
^ih  suction* 

The  mother  liquor  is  further  concentrated  and  the  cyano  com- 
plex is  precipitated  with  alcohol  (rapid  atlrring).  The  cmde 
product  is  dissolved  in  some  water,  the  solution  heated  tor  some 
time  with  activated  charcoal,  filtered,  concentrated  by  evaporation, 
and  finally  treated  with  alcohol.  The  precipitate  of  K^fMofCN)*]  * 
2 HaO  is  fairly  pure  except  tor  traces  of  thiocyanate,  which  can 
he  removed  by  an  additional  recryatallizatlon.  Yield:  about 
S5g. 

A-ltemate  methods: 

IL  The  product  of  the  reaction  of  MoOs  Vfith  HSCN  and  pyri<iin«  i» 
treated  with  KCN*  The  yield  is  low*  (See  original  reference  for 
details*) 

in.  Via  the  following  intermediates: 

HCl,  K^O  KSCN  pyridine 

MijOj  ^ — MofGHjj(SCN),  ^ 

KCN 

S(o(OH),(SCN)j'Epy  KjWofCNjJ -2H,0 


PROPERTIES: 

Formula  weight  496,50  (dihydrate).  Golden  or  bright-yellow 
tablet-shaped  crystals  (rhombic  bipyr&midal);  gives  up  its  water  of 
crystallization  at  105-110 Very  readily  soluble  In  watePt  In- 
soluble in  ether*  Solubility  in  absolute  alcohol  at  20*C:  0*017  g. 
per  liter,  d^l  (anhydrous  salt)  2,337, 

REFEREpJC£S: 

I*  H,  H*  Willard  and  R*  C*  TMelke,  J*  Amer,  Chem>  Soo*  57» 
2610  (1935), 

n*  A,  Rosenheim*  2*  anorg*  ChetUi  97  (1907);  see  also  W* 
BiltZr  B*  Eschweiler  and  A*  Bodensiek*  Z,  anorg,  allgi  Chem- 
170,  I6B  (1928), 

lU-  N,  H.  Furman  and  C,  O-  Miller  in:  L,  F*  Audrieth,  Uiorg, 
Syntheses,  Voi,  nl.  New  York- Toronto- London,  1950,  p,  160* 


Tungsten 

W 


WO|  + 3Ht  “ W -h  3HjO 
23LS  L 183.9  54-i 


^ Ihire  ignited  WOa  fs  placed  In  ap^oeUln 

which  to  theu  inserted  into  a tube  of  ui^lazed  porcelabHW 
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F,  NEIH  S-  HEBZOG 


. The  tube  is  heated  by  means  of  an 

«o«T  DMalng  through  a atream  of  pure,  dry  Ha- 

«loetrlo  hirxace  P . gQQ«c  (maintained  for  some  time), 

***®'  /2?tiSr«n  JttarH,0  Tflpor  evolves.  The  tube  Is  allowed 
]!!?S  Jtr^  nSal  powder  is  the  product. 

'SSer  SSbors  report  that  the  redueUon  wito  very  pure  H,  may 
^ rMnuleted  at  800 *C  (8  hours  of  heating). 

Sole  size  of  the  metal  powder  does  not  depend  on  that 
of  tL  sS^lns  WO3,  btit  (principally)  on  the  reaction  tem^rature. 
as  well  as  the  beating  time  arid  the  Ha  A™  rate*  An  especially  fine 
tungsten  powder  is  obtained  when  the  atove  directions  are  follo^d; 
^ry  coarse  powder  results  from  reduction  with  moist  above 
1500’C.  The  product  Is  pure  if  the  starting  WOa  is  alao  pure. 
Alternate  method: 


wo,  T 3Zn  - w + 3 2jiO 
231.9  J9&1  2^4.1 

pure,  fresbiy  Ignited  WO3  Is  cooled  and  mixed  with  1*5  times 
Ibe  theoretical  quantity  of  dry  2n  dust.  This  mixture  Is  com- 
presfied  in  a crucible  and  overlaid  with  another  3“  to  5-nmi*  layer 
of  Zn  duet^  which  is  similarly  compressed*  The  crucible  is  then 
closed  off  with  a well-fitting  cover  and  heated  briefly  to  red  heat, 
A vigorous  reaction  ensues  after  about  5 minutes^  as  shown  by  a 
cloud  of  evolving  ZflO,  The  crucible  iB  then  allowed  to  cool 
completely  while  stUl  covered.  The  light- gray  top  lay ett  composed 
principally  of  ZnO,  is  removed*  The  black  crucible  contents  are 
crushed  and  thoroughly  boiled  with  dll-  HCl  to  remove  ZnO  and 
any  Zn  still  present.  The  blaok  residue  is  allowed  to  settle  for  a 
moment  and  the  acid  is  decanted*  The  metal  powder  ia  washed  by 
decantation  with  water  once  or  twice  * filtered  rapidly  with  suction  ^ 
and  rewashed  with  water*  In  this  operation  the  powder  must  always 
be  covered  with  liquid,  Finaily  the  metal  is  washed  with  alcoholi 
suction-filtered,  and  dried  In  air.  Careful  preparation  should  yield 
a black  powder  containing  at  least  99,8%  W* 


STNOlfVM: 

Wolfram, 

PUOPEIiTIES: 


depending  on  particle  sizes 

m£Li ^ vapor  presBure  curve)i  d 19.3. 

JJMnew  4.5-g,  depeadlag  on  the  history.  Crystal  structure:  A 2 
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MIf 


aEF^lREMCES: 


Punk*  DaJ^stelluiig  der  Metalle  im  LaboratoriuTH  [P^eparatloiiof 
Metals  in  the  Laboratory],  Stuttgart*  1938,  p*  72  Ul  0*  ftulf. 
Angew*  Chem*  2§,  1892  (1912);  O*  Glema^r  and  H.  Saner*  Z 
anorg.  allg,  Chem*  2S2,  145  (1943);  M,  Dolepine.  Comptee 
Rendus  Hebd-  Seances  Acad,  Scl*  131,  184  (1909);  L.  Welep 
and  A*  Martin*  Z,  anorg*  allg,  Chem*  65,  308  (1910), 


Tungsten  (VJ  Chloride 
WCh 

WCl,  -h  V^Ht-  wcu  + KCl 

n^L  3ei,a 

Reduction  of  WCla  vapor  with  for  too  short  a period  of  heat- 
ing and  at  too  low  a temperature  results  in.  heKachlorlde" containing 
WClb>  Too  high  a temperature  affects  the  yield  adversely » since 
considerable  amounts  of  lower  chlorides  form* 

A tube  of  high-melting  glass  (Fig*  322)  is  used*  The  WCl^ 
produced  in  aeetion  a is  distilled  into  the  60-cm*-iong  section  b 
in  a stream  of  Ha,  Section  & Is  heated  to  the  reduction  teraperaturef 
which  lies  some  what  above  the  boiling  point  of  WClo  (350«460*C| 
electric  furnace)*  The  WCU  is  distilled  into  storage  tube  * In  a 
stream  of  N^t  thereby  separating  It  from  the  lower  chlorides;  tube 
c is  then  sealed  off  at  both  ends* 

Fig,  322-  Preparation  of  tungsten  (V)  chloride* 


PEOPERTIESj 


Black*  crystalline  solid  with  somewhat  greenish  luster*  Ex- 
tremely hygroscopic*  M*p,  248 "C;  d^S  3,875*  Water  caaees  im- 
mediate decompoeUlonj  somewhat  soluble  In  dry  CSa* 


ftSFEBENCESt 

H.  E.  BOSOC,  LteM®.  M2- ’5f  (“?*)' 

2.  anorg.  aJlg.  Chem.  13g,  801  2*7* 

Ibid.  172,  38B  (1928))  W,  Kleinm  and  fl.  Stoinlle^e.  mWi, 

193  (1936). 
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r.  HEIN  and  S.  HERZOG 
TungsUn  (VtJ  Chloride 
>VCI, 


\V  > 3 Cl-  = WCI4 


Preoated  la  a Vycot  taie  with  aevetal  constrictions  (Plj.  3M). 
A Sa  we  la  even  tetter  ate  the  epeolal  appotate  deecrlted 
by  itonlgschmid  and  Menu  ts  the  best* 


Figa  323*  Preparation  of  tungsten  {VI)  chloride. 

A procelain  or  quarta  boat  containing  W powder  Is  placed  in 
section  IT  and  is  heated  for  1-2  hours  in  a stream  of  Hg  (700- 
1000*C).  After  cooling,  the  Ha  flow  Is  discontinued,  the  Ha  dis- 
placed by  Na!  after  about  30  minutes,  air-free  Gla  (see  P*  272  for 
preparation)  Ig  introduced* 

The  tube  area  containing  the  boat  Is  gradually  heated  to  600*C* 
The  first  product  is  a small  aiuount  of  red  oxychloride;  later 
products  consist  only  of  blue-black  hexachloride,  which  deposits 
in  section  a (beyond  the  heated  boat)  in  the  form  of  sparkling 
crystals.  The  tube  constrictions  are  kept  at  during  the 

chlorination p which  requires  2-3  hours.  Next  the  red  oxychloride 
forerun  Is  driven  into  e\  then  the  WCla  collected  In  a la  snbltmed 
into  h at  350-400 while  an  additional  forerun  deposits  in 
c.  For  further  purification,  the  WCle  can  be  sublimed  Into  c (the 
oxychloride  Is  moved  Into  d prior  to  this  sublimation).  Finally i 
the  WCU  is  fused  in  a stream  of  Cig^  on  resolidification ^ thn  mass 
bursts  into  small  crystals  with  a loud  crackling  noise.  After  cool"" 
ingj  the  CI3  la  displaced  with  dry,  Oa-free  nitrogen  and  the  tube 
section  containing  the  purified  WC1&  is  sealed  off  at  both  ends* 


wo,  + 3CC^  = WCI*  H 3COC!^ 
401.3  396.7  206.6 


The  chief  requirements  in  this  method  are  the  presence  of  an 
excesa  of  CCl^^  completely  anhydrous  conditions,  thorough 
reaction;  if  these  conditions  are  not  observed, 
t^-pr^uct  WOCI4  forms  readily.  Moreover  ^ the  WQCU  has  the 
l^airahle  property  of  catalyzing  the  hydrolysis  of  WCU  ^ 

ajjT, 


rtf  homb  tube  about  50  cm*  long  Is  charged  with  Q-5  g* 

bv  must  be  completely  dehydrated 

ignl  ion,  after  wMch  it  should  be  pure  yellow;  the  CC1+ 
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is  predrifld  by  long  standing  over  granular  CaCU  or  P-0-  and  la 
saturated  with  Cl  a)-  The  tube  is  then  sealed.  The  water  T«ior 
from  the  torch  flaote  should  not  be  allowed  to  enter  the  The 

tube  Is  placed  In  a protective  Iron  Jacket  and  slowly  rt.6- 

2 bouts)  to  about  4&0®C;  It  la  kept  at  this  temperature  tor  7-S  hours- 
After  alow  cooling,  the  tube  is  very  careftilly  transferred  to  awell- 
drawtos  lnw'l  without  removing  it  from  its  protective  iron  tuba.  The 
latter  is  inclined  and  clamped  to  a si^port.  The  sealed  tip  of  the 
glass  tube  is  then  heated  at  low  hood  vacuum  until  the  phoageoe, 
present  in  the  tube  under  high  pressure,  blows  the  t^)  away.  The 
phosgene  is  driven  out  by  vacuum  as  far  possible,  the  CCU 
poured  off,  the  residual  solid  washed  once  with  fresh  CCli,  and  the 
reactor  tube  connected  to  an  aspirator  via  a CaCl^  diiying  tower. 
All  the  ecu  is  volatilized  and  the  tube  is  resealed  since  the 
beautiful,  almost  black  crystals  ofWCU  hydrolyze  In  air  to  yellow- 
red  WOCU  ^d  yellow  WO5CI5.  Proper  procedure  yields  an  almost 
black  solid  with  no  red  or  yellow  spots. 

PROPEBTIES: 


Blue-black,  moisture-sensitive  crystals.  M,p.  27B*C,  h.p. 
34? X;  d^l  3.520.  Indefinitely  stable  if  stored  in  a dark  desiccator 
over  H^Ov  Very  slightly  solid>le  but  decomposed  in  water; 
the  purer  the  WCU,  the  lower  the  decomposition  rate.  Very 
readily  soluble  in  alcohol  (with  yellow  color),  CHClg,  CCU  (with 
red  and  dark-brown  color,  respectively),  CSs,  ether,  benzene, 
llgroin  and  acetone.  These  solutions  decompose  on  longstandlug  In 
air,  and  very  rapidly  on  heating  or  addition  of  water.  Good  crystals 
are  obtained  by  heating  WCU  in  CCU  to  100‘C  in  a sealed  tube, 
followed  by  slow  cooling  (rectanfi^ar  tablets  and  four-sided 
prisms).  Crystallises  in  space  group  Cli  • 


»GFERENCES: 

I.  O,  irdnigschmld  and  W.  Menu.  Z.  anorg.  alig.  Chem,  g^S,  BB 
(1936);  gee  also  M.  H.  LletzkeandM,  L.  Holt  In!  L.  F.  Audrleth, 
Inorg.  Syntheses.  Vol.  HI,  Kew  York-Toronto-Londoo,  1950, 
P-  iB3. 

II,  W,  Jander.  Lehrbuch  fiirdasanorganisch-ohemisohe  Praktikum 

[Lab,  Tejrt  for  Inorg.  Chemistry],  5th ed.,  Leipzig.  1944,  p.403. 


Tungsten  (IV)  Oxide 
WO, 

wo,  + H,  = WO,  + H,0 

Z3U  22.4  f-  215.5 

StablB  at  900“C  In  a gaseous  atmosphere  composed  of  4p-BB(t 

Ha  and  46-60%  HsO. 


mein  and  S-.  HERZOG 

I 9»r*  H>  is  subjected  to  an  additional  purification  over  silica 
is  ton  slowly  passed  through  a water-fUled  Hask  to 
SaS  “«.£««  4.1.  «.  tok  *»  h»ld  la  .»  66-C  tbe™»- 
nitTo  avoid  coadensaUon  of  the  water  vapor  thus  taken  up.  the 
SS  Which  connects  to  flask  to  the  reactor  «s  wrapped  with 
electric  beating  tape  and  heated  to  about  lOO  G.  The  Hg/HgO 
iSdurc  ton  flows  over  a boat  with  WOa  set  in  a porcelain  or  a 
mnrts  reactor  tube  surrounded  by  a tubular  electric  ftirnace  and 
tested  to  800-900*C.  The  reduction  is  complete  In  2 hours.  The 
nroduct  is  allowed  to  cool  in  an  Oa-fr«e  nitrogen  stream.  The 
nitrogen  is  admitted  through  a 3- way  stopcock  located  between  the 
water  flask  and  the  reactor. 


n.  A mixture  of  WOa  and  W (corresponding  to  the  formula  WOj.oo) 
Is  heated  for  40  hours  at  950  °C  in  a small  evacuated  and  sealed 
qoMxi^  tube. 


ppoPEirriESj 

Brown  crystalline  powder.  M*p*  150Q-l€O0^C  under  Ng,  b.p, 
1730“C^  appreciably  volatile  above  1060*C;  d“|  11-054  Hardness 
5-5,5*  Crystal  structure:  C ^ (rutile)  type* 


AEPEREKCES: 

L O*  Glemser  and  H*  Sauer*  Z*anorg;.  alJg*  Chem*  252 ^ 151  (1343)  t 
J-  A*  M*  van  Liempt.  Ibid*  184  (1923)j  L,  W'ohler  and 

R-  Otmther,  Elektrochem.  281  (1923)- 
H-  A,  Magnelif  G*  Addersson^  B*  Blomberg  and  L-  Klhiborg. 
AnalyU  Cheiu*  1938  (1952)- 


y -Tungsten  OxMe 

WfaO« 


49 WO,  -h  5W  - 3Wi*Oo 

IflO  13ff4.l  92.0  1430.1 

•«««.  NT...  *»  « 

PAOPEATIES: 
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(lErERESCEg: 


o.  Glemser  H.  Sauer.  2.  anorg.  aUg,  Chem.  352.  144  (1943)' 
A.  Mageeli,  Ark.  Kem.  1,  223  {19‘k9)t  A.  Mttgneli,  G.  Anders- 
30n,  B.  BlombergandL.  Kihlborg.  Anal.  Chem.M,  1998  (1963), 


Tungsten  81ue 

H,,WOi 

Produced  by  reaction  of  nascent  hydrogen  with  WO3, 

Fine  WO3  powder  is  slurried  with  distilled  water  in  an  Erlen- 
meyer  flask,  cone.  HCl  and  analytically  pure  Zn  granules  are 
added,  and  the  flask  is  closed  with  a valve  which  excludes 
(Contat-Gockel  attachment).  When  the  Zn  Is  consumed,  the  sv^per*.' 
natant  liquid  is  rapidly  decanted  and  fresh  cone.  HCl  and  Zn 
granules  are  added.  This  is  repeated  until  the  reaction  product  is 
brown.  Washing,  drying  and  transfer  of  the  product  to  a storage 
vessel  must  be  carried  out  in  the  absence  of  oxygen. 

PHOPEflTIES: 

Formula  weight  232.42,  Brown  to  violet  powder;  7,35. 
Very  readily  oxidised.  Evolves  Ka  along  with  HsO  on  thermal 
decomposition.  Oxidized  by  water  with  H3  evolution.  Slow  oxlda^ 
tion  affords  blue  Ho.aaWOa  and  H0.1WO3.  DO9  type  with  tetragonal 
distortion. 

I ■ 

REFERENCE: 

0*  Glemser  emd  C*  Nainnann,  Z,  allg*  Chem,  265, 

{195  l}a 


L 


Tungsten  (VI}  Oxide 
WO* 


NajWOi  + 2 HCl  - WOg  HtO  ‘h  2N»Cl 


{■2RfO) 

330,0 


73,0  £51,0 


The  yellow  WOa  is  obtained  by  slow 

saturated  solution  of  NSaWO*  to  2-3  ^ ■ 

boiling  oonc.  HCl,  foUowed  by  ’ 

« steam  bath.  The  precipitate  is  alioved' to>-:s^4r 


tw 


F,  HEIN  AHO  S*  HERZO& 


M.  >m.NO.  "" 

.<  i»-c  •«|  “»•«' " *<"’  =• 


P'HOPERTtES: 

LeMon-yellOW 

d»|7  ,2?.  Crystals 

nCPERERCE : 


powder.  M-P.  abo»it  1*70  “C,  b.p.  about  1700'Ci 
tricllnic,  pseudoinonocltnie.  Space  group  Cj* 


w.  Reinders  and  A.  W.  Vervloet.  ReceuU  Trav.  Ch£m.  Pay-Bas 
42,  627  (1923>. 


L 


Yellow  TungsHt  Acid 
H.WOi 

CaWO,  r 2HX  = HjWOj  + CaX. 

2Sfi,0 


A boiling  mlxtuTo  of  50  niL  of  HsO,  40  ml,  of  cone,  HCl*  and  iO 
ml.  of  HNOs  is  treated  with  20  g-  of  pure  CaWO^*  The  rea^tiEig 
yellow  precipitate  is  washed  0 times  by  decantation  with  elightly 
acidified  water,  and  dissolved  in  50  ml,  of  cone,  ammonia*  The 
clear  filtrate  Is  heated  to  boiling  and  treated  with  acid  {60  ml,  of 
HsO*  50  ml.  of  HNOa  and  10  mh  of  HCl)  to  precipitate  yellow 
tungstic  acidf  which  Is  washed  several  times  by  decantation  with 
pure  HaOt  filtered  through  a leaf  filter  and  slurried  in  pure  HgO* 
The  suspension  settles  on  standing  for  14  days,  during  which  an 
electric  ciirreut  is  occasionally  passed  through  it  (Pt  electrodes); 
the  clear  supernatant  liquid  is  siphoned  off;  the  residue  Is  concen- 
trated on  a steam  bath  and  then  thoroughly  dried  in  a desiccator  over 
solid  NaOH-  The  tungstic  acid  product  is  free  of  RCl  and  has  the 
composition  WO 3 * 1,13  HaO* 

IL  A boiling  solution  of  200  g,  of  ammonluin  tungstate  {compos Ition 
2 (NH^laOp  0*5  WOg,  3 HflOJ  In  4*4fl  liters  of  H^O  is  poured  Into  2 
liters  of  boll  lug  35,45,  HCL  The  deep-yellow  precipitate  is  filtered 
off  and  purified  by  a nine-day  dialysis  (until  the  wash  water  Is  free 
of  Cl  and  th^pH  has  reached  a constant  value  of  4,4).  Air  drying 
^ the  residue  gives  a 55%  yield  of  tungstic  acid  of  composition 
WO3  * 1,1H  HaO:  U still  contains  traces  of  and  CI“. 


« ’"**®*'  appears  amorphous  under  the  microBCepo; 

it  is  claimed  that  its  x-ray  pattern  Is  crystalline. 
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jtEfEHENCES: 

O,  F.  Hilttig  and  B.  Kurbe,  Z.  anorg,  all^,  Chem,  122  4S  fl922) 
A,  M.  Morley.  J.  Chem.  Soc  (London)  19^,  im.  ' 


IL 


Tsjftgston  Oxytetrachiorlde 
WOCL 

wo.  2SOa,  = wocu  + 2SO* 

A mixture  of  WO  3 with  4 times  its  wel^t  of  SOCla  is  heated  te 
a sealed  tube  for  6-12  hours  at  200’C,  The  reaction  proceeds  to 
compietlou  only  if  the  SO3  Is  vented  by  opening  the  sealed  tube  for 
a brief  time*  The  red  WOCI4  crystallizes  from  the  excess  SOCl^ 
in  longi  well ‘^formed  needles,  and  Is  purified  by  removing  the 
SOClg  in  vacuum- 

II*  A sealed  tube  is  used  to  beat  the  WOg  with  a soltition  of  Cia  In 
CCI4  (3  hours  at  200®C)*  The  tube  is  cooled  and  opened  (caution i 
phosgene  is  present!);  the  WOCU  Is  washed  in  the  tube  with  dry 
CCU;  and  the  tube  and  its  contents  are  heated  to  160"C  and  imme^ 
diately  placed  in  a desiccator, 

PROPERTIES; 

Long,  lustrous p red  needles,  yellow  in  transmitted  lights  M*p* 
209 '"Cp  b.p*  232 ""C,  Decomposed  at  once  by  water,  more  slowly  by 
atmospheric  moisture,  forming  tungstic  acid. 

REFERENCES: 


I.  H.  Hecht,  G,  Jander  and  H.  Scblapmann*  Z*  anorg*  allg*  Chem. 
254.  261  (1947)* 

IL  A,  Michael  and  A*  Murphy,  Amer,  J-  383  (19I0)» 


Tungsten  (IV)  Sulffde 

L , ^LiU 

L W + 2S  = WS, 

1S3.9  fH.t  ^8-0 

A Stoichiometric  mixture  of  W and  S is  heated  *t 
pure  In  a sealed  quartz  tube  for  24  boureR 


14H 


2W0j  + 7S  — 2WSj  3SOit 

46S,S  221.4  U)E.’2 


A«  Intimate  mixture  of  33  g.  of  WO3.  40  g.  of  sulfur  and  15  g. 
of  K^cSris  Piaoed  in  a tubular  crucible  of  ^giaaed  porcelain 
Xw  S.  long!  35  mm.  I.D.)  which  closed  off  with  a perforated 
iXste  lid  The  crucible  is  heated  in  a vertical  tubular  furnace 
!T  fi^oO'-C  until  the  reaction  is  complete  and  the  excess  S has 

vSle  is  passed  through,  Large  crystals  of  pure  sublimed 
WSa  are  thus  obtained. 

Finely  crystalline  WSa  is  obtained  from  92  g.  of  W powder 
md  35  g.  of  sulfur  by  following  the  above  directions  but  heating 
only  for  7 hours  at  1450 °C  In  a stream  of  HaS. 


PROPERTIES: 

Blu0“gray  crystals  with  a metallic  luster,  insoluble  m water; 
7.5*  Crystal  structure;  C 7 type*  Exhibits  catalytic  and 
radio- detector  properties* 


REFEAEUCESr 

I,  O.  Glemser,  K*  Sauer  and  P,  Kontg.  Z*  anorgi  Chem,  257,  241 
IL  E*  Tiede  and  Hi  Lemkc*  Ber*  dtsch.  Ohem-  Ges.  71,  SS4  (1938), 


Tungstfln  Hexopheuoxide 
W(OC.H,)* 

wcJg  + enoCiH^  ^ w(oc*Hjn 

™.7  M4.7  955.3 


6HC1 


One  wt,  part  of  WCla  end  about  10  parts  of  phenol  are  heated 
in  a long,  large  test  tube.  Vigorous  evolution  of  HCl  begins  as 
soon  as  the  phenol  melta.  The  tube  ie  now  heated  over  a STuall 
phenol  boils.  After  some  time  the  melt  (which 
„ ^ . brown-black  even  in  thin  layers)  becomes  deep  red- 

^ th®  tube  is  then  cooled 

routing  it  to  distribute  the  melt  on  the  walls  of  the  vessel. 
wuh  if  some  alcohol  while  crushing 

Uh»  ^tess  phenol  dissolves  In  the  alcohol  and 

wiih^^aiiH'iftTi  ^ brick-red  powder*  It  is  filtered  off 

latter,  * ^bed  with  alcohol,  and  reciystalllied  from  the 
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SYNOi^VM] 

Tungsten  hexaphenolate* 


PHOPERTlESi 


Dark- red  needles  or  leaflets.  M.p.  98 *C  HearinT,  j 

CCUf  CSg,  CbH«,  etc.  Relatively  poorly  soluble  In  cold  aif>nKn] 


HEFEREMCE: 

H.  Funk  and  W.  Baumann.  Z.  anorg.  allg,  chem,  266  (1937). 


Potassium  Enneachloroditungstote  {Ml) 

K,W,Ct, 

Prepared  by  electrolytic  reduction  of  a KCl-contalnlag  solution 
of  wo 3 in  cone,  hydrochloric  acid* 

A solution  of  10  g,  of  WOa  ' HaO  in  a conc,  solution  of  7,5  g.  of 
is  prepared.  This  solution  {volume  of  about  15  mL>  Is 
added  in  2 or  3 portions  to  260  ml.  of  cone.  HCl  (40*C)rthe 
hydrate,  which  precipitates  after  each  addition.  Is  allowed  to 
redis solve  before  the  next  portion  Is  IntroducetL  After  complete 
solution  la  finally  obtained,  the  liquid  is  quickly  cooled  to  O’C* 
The  crystalline  precipitate  thus  obtained  is  composed  for  the 
most  part  of  KCl,  The  solution,  filtered  through  & fritted  glass 
funnel,  contains  3-4%  WO3  as  K[WOaCla],  and  Is  used  In  electrol- 
ysis* 

The  cathode  vessel  is  a porous  clay  cell  of  about  6,5  cm,  I.D, 
aiid  21  cm,  high;  this  is  set  in  a beavy-wall  12*5 -cm*- LD*  and 
30-cm*-high  glass  cylinder  and  centered  with  the  aid  of  a robber 
stopper*  The  rubber  stopper  contains  five  boles;  two  for  the 
symmetrically  placed  carbon  anodes,  two  for  glass  tubes  used  for 
passing  CO  a through  the  anodic  electrolyte  (so  as  to  decrease  the 
Cla  concentration  In  the  latter),  and  a fifth  hole  through  which 
the  electrolyte  is  introduced,  A drain  is  provided  at  the  bottom 
<^f  the  anode  vessel  to  permit  rapid  emptying  at  the  end  of  the 
run.  The  day  ceil  Is  closed  off  hermetically  with  a rubfew 
stopper,  which  carries  a gas-^tlght  stirrer  (Hg  seal)*  the  cathode 
lead,  and  an  opening  for  removal  of  samples  during  the  electrol- 
ysis. The  anodic  liquor  is  cone,  hydrochloric  acid,  while  the  clay 
la  charged  with  450  ml,  of  the  W (VI)  solution  described 
above.  The  latter  is  reduced  at  40^C  and  a current  densh^r  of 
amp./in,®  until  It  turns  yellow-green  and  the  consumption  of 
^^^^eanate  becomes  constant* 

Hie  cathode  is  a 140-cm.®  Pb  sheets  whloh may  be  amalgamated 
« necG&sary,  Runs  with  amalgamated  electrodes  require  a Itmger 
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etoe  Aip  w 2 hours)  thau  do  those  ^^fth  puro  Pto  cathodes  (80-90 
min  \ but  the  product  sclutfon  Is  free  of  Po- 

%o  obtSdS  reproducible  results  with  Pb  cathodes,  the  latter 

ttust  be  formed  by  alteruftting  anodic  and  cathodic 

Tn  this  is  unnecessary  with  the  amalgamated  electrodes 

fiv«aJe  of  the  purely  chemical  reducing  action  of  the  cathode 
metal  It  is  best  to  admit  the  cathodic  liquid  only  after  the  voltage 
bUn  applied).  The  Ph,  which  initially  goes  into  solution  and 
later  reprecipitates,  causes  no  problem  either  during  electrolysis 
or  In  the  later  workup  of  the  solution.  t 

After  the  completion  of  the  reduction,  the  cathode  Is  carefully 
removed  from  the  solution,  the  anode  vessel  rapidly  emptied,  and 
the  cathodic  liquid  containing  the  precipitated  crystals  poured  into 
an  Erlenmeyer  flask,  where  it  is  then  saturated  with  HCl  while 
chilling  in  ice-salt  mixture.  After  1-2  days,  the  crystalline  pre- 
cipitate is  collected  on  a frltted-glass  funnel,  washed  with  some 
hydrochloric  acid,  then  with  alcohol  and  ether,  and  dried  in 
a stream  of  air.  The  yield  is  about  based  on  the  WOa  • HgO 


used. 

For  purification,  KaWaClfl  is  repreelpltnted  with  a readily 
soluble  potassium  salt.  For  example,  25  g.  of  KsW^Clg  Is  dis- 
solved in  175  ml.  of  boiled  cold  water;  the  solution  is  filtered 
Into  an  Erlemneyer  flask  which  contains  IG 0-175  g.  of  solid 
KSCK.  The  flask  Is  then  shaken,  A copious  quantity  of  deep  green 
to  yellow-green  crystals  separates  even  during  the  filtration; 
tbe  solution  meanwhile  turns  red.  After  one  hour  of  standing 
in  the  cold,  the  crystals  are  suction-filtered,  washed  a few  times 
with  very  concentrated  KSCN  solution,  then  with  hot  80=^  alcohol, 
and  dried  in  air.  The  product  is  fairly  stable  and  can  be  stored  for 
months  in  dry  air  over  HgSO^. 


SYKONYM; 


Potassium  nonachloroditungstate  (III). 

PftOi>ERTlES: 


Formula  weight  804.24.  Small,  dark-green  tablets,  yellow  in 

water,  giving  a dark-green  color;  very 
alcohol.  The  aqueous  solution  oxidizes  hi  air; 
the  crystalline  compound  also  oxidizes  but  more  slowly. 

K£rffRf:NCES: 

O.  A.  Gut^,  2,  anorg.  allg.  Chem.  234,  317  (2924); 

Ibid.  130,  9 (1923);  O.  Olson- 
r!^  R ^ 170.  164  (2928)? 

Th  s.  Cantor  and  G.  F.  Helfrlch  Im 

l-oad^lgsV  New  York- Toronto- 
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Hexachlorotripyridinsditufigslate  (111] 

W^!,py, 

K,W,Cl,  + Spy  -=  3 KCl  + W,Cl,py, 

804.3  237^  223.7  B17.9 

Ten  of  freshly  recrystalllze^S  K^W^Cli^  iB  refluxed  In 

150  ml*  of  dry  pyridine  for  6 hours  (N 3 atmosphere),  Tbe  red 
solution  is  filtered  to  remove  the  brown  precipitate  and  treated 
with  a I^ge  excess  (10  volumes}  of  ether*  This  precipitates 
the  dark-brown  complex  salt;  it  may  be  recrystaUlssed  from 
pyridine, 

PHOFEHTIES: 

Insoluble  In  water,  somewhat  soluble  In  ether  and 
Diamagnetic.  A corresponding  aniline  complex  extsts. 

flEFERENCS: 

H.  B.  Jonassen,  S.  Cantor  and  A.  R.  Tarsey.  J.  Amer.  Chem. 
Soc.  ?a,  271  (195GJ. 


Poiaasium  Ociocyanotungstate  [IV} 
Kt{W<CN),|-2HiO 

Prepared  from  KaWgCU  and  KCN- 

A solution  of  20  g,  of  K3W3CI*  in  ISO  ml,  of  cold,  boiled 
water  is  prepared  and  treated  on  a water  bath  with  65  g,  of  KCN 
powdert  this  causes  oxidation  to  W {HO,  and  tbe  green  color  of  ^ 
solution  changes  to  red.  The  KCN  should  be  added  very  oareftUlj 
{shaking}  over  a period  of  5 to  10  minutes. 

The  solution  is  now  heated  about  two  hours  on  the  water 
bath,  filtered  (decolorising  charcoal  being  added  if  required)  and 
evaporated  until  crystals  begin  to  deposit.  The  first  crystal 
fraction,  consistlQg  predominantly  of  KCl,  is  filtered  off  .iiihd 
discarded.  The  filtrate  is  diluted  to  130  ml.  and  treated^,  While 
atiil  warm,  with  20-26  ml.  of  96%  alcohol.  The  K4rW(CN)#]  ■ 21(1*6 
separates  in  lustrous,  bright-yellow  plates  cm  sharp  coolipg  in  a 
freezing  mixture.  After  one  hour,  16  additional  ml.  of  alobhol  is 
added.  The  mhdure  is  suction-filtered  after  standing  for  X2  hen^s 
bi  the  cold.  The  product  Is  washed  with  hot  d0%-.aloohol,.  TTldldj 
60-70%,  baaed  on  tungsten. 


»4W 
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* the  compound  is  first  precipitated  twice 

iM^^m^queous  solution  by  adding  an  equal  volume  of  alcohol. 

thS  dSved  in  16%  KCN  solution  and,  after  concentrating, 
iuSv-STw  stand  at  O'C  until  crystallization  is  complete.  The 
Is  again  repreclpltated  with  water  and  alcohol  to  remove 

traces  of  KCN. 


properties  r 

Formula  weight  564*5^ 


1,9S9,  Bright-yellow  crystalline 
rtj^er^Tlow^vaporatVon  of  a KCN  solution  affords  large,  yellow- 
rL  crystals.  Very  readHy  soluble  in  water  (about  13-14  g./lO  ml. 
H3O  at  lS*Ch  Insoluble  in  alcohol  and  ether. 


REFERENCE! 

o.  Olsson-Collenberg*  Z.  anorg,  allg*  Chem.  6S,  50  (1914); 
H,  Baadsgaard  and  W,  D-  Treadwell*  Helv*  CMm.  Acta 
1659  (1955), 


Potdssium  Octocyanotunga^ate  (V) 

KiIWICNW'HeO 

A solution  of  K4[W(CN)aI  ^ 2 HgO  (11,09  g*  - 0*05  moles)  in 
125  of  water  (acidified  with  3 ml,  of  cone.  HNO^  and  titrated 
with  permanganate  to  a permanent  red  color)  Is  prepared^.  The 
silver  salt  is  then  precipitated  by  addition  of  0,21  g,  (0*06  moles) 
of  AgNOa  dissolved  in  50  ml,  of  water.  The  solid  is  washed  with 
dll.  HNOg,  dissolved  in  the  minimum  amount  of  ammonia^  and  re- 
precipitated  with  some  dlL  HNO^,  After  thorough  washing  with 
water*  the  salt  is  suspended  in  50  ml.  of  water  and  converted  to 
the  potassium  salt  by  addition  of  0,11  g*  (0.07  moles)  of  KCL  The 
AgCl  precipitate  is  removed  by  filtration,  and  the  filtrate  is 
teeeted  with  alcohol  until  the  K3[W(CN)e]  * HaO  precipitates.  It 

u CaCls,  The  yield  can  be  as  high  as 

3X%,  based  on  the  starting  tungstate  (IV). 

PBOPSitrlES: 

^27,4.  Small  lemon-yellow  crystals,  readily 


aEFEaEMcas! 


O. 


OlsBon-CoUenberg.  z, 
H.  Baadsgard  and  W. 
1669  (1956), 


anorg.  allg.  chenu  §8,  50  (1914); 
D.  Treadwell.  Helv,  Cbim.  Acta  38* 
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U^Qn^gm 

U 

The  preparation  of  the  pure  metal  is  rendered  difficult  hy  its 
p*eat  tendency  to  combine  Mth  N,  etc, , and  to  alloy  with 
many  nietfli3+ 

Basically!  the  following  preparative  methods  are  available: 

a)  Eeduotion  of  uranium  oxides  or  halides  with  suitable  metals* 
3uch  as  Na,  Mg,  Ca  (methods  I to  IV>* 

b)  Electrolysis  (method  V)* 

j*  In  the  Jander  method,  UO3  Is  reduced  with  metalllo  Ca; 

UOs  + aCa  = U + 2CaO 
i7Q.I  £3£.l  UE.2 

The  reactor  is  an  iron  crucible  about  X3  om>  high*  1*®  cm*  I,D** 
with  a wail.  This  Is  charged  with  the  reactant  mixture, 

consisting  of  7 g.  of  UOa  and  11  g*  of  Ca  turnings  (the  latter  should 
be  as  freshly  distilled  as  possible).  The  crucible  cover  is  then 
welded  on  and  the  reactor  heated  for  one  hour  at  100(1-1100*0 
(the  crucible  should  he  embedded  In  oharccal  powder  to  protect 
it  from  oxidation).  The  crucible  is  then  completely  cooled,  opened, 
and  the  contents  are  covered  with  90%  alcohol  saturated  with 
NH4Ch  Aqueous  I^H4CI  solution  Ls  then  added.  The  material  Is 
washed  with  water  and  then  with  alcohoL  The  product  oonalsts  of 
four  different  fractions: 

a)  a very  finely  divided  oxide- containing  uranium,  which  can 
be  separated  by  slurrying; 

b)  iron  metal  particles  with  a small  uranium  content,  which 
can  be  removed  after  drying  by  means  of  a magnet; 

c)  nonmagnetic  metal  flakes  (uranium  with  a high  content  of 
lron)j  which  can  be  separated  on  a 140-170  U,S-  standard  sieve; 

d)  a very  fine  gray-brown  powder,  containing  about  97%  U 
and  2-3%  Fe,  but  only  very  small  amounts  of  O,  The  yield  of  this 
fraction  is  66%, 

The  presence  of  Iron  impurity  in  the  produet  can  be  avoided  by 
coating  the  inner  surface  of  the  iron  crucible  with  oaloiuin  car^ 
bonate,  but  the  ehrirJcage  of  this  lining  during  drying  and  Its  fragility 
necessitate  considerable  oare  in  handling*  A reactor  lined  with  cal-, 
cium  carbonate  is  capable  ofproducing  material  containing  99*9%  0, 
although  the  yield  is  appreciably  lower  than  in  the  above-described 
procedure. 

Very  pure  uranium  Is  obtained  by  reduction  of  0aOa 
freshly  distilled  Ca  in  high  vacuum*  The  mixture  Is  teated  abow 
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ite  BtelUac  polat  of  C«,  and  the  U la  obtained  as  a ftoe  ^ay  powder 
^i^S^!!?*t^Marated  ftora  the  by-produot  CaO  by  sieving.  Any 
!lJSdTa*?whlSi  is  present  In  excess)  sublimes  out  from  the 
at  the  reaction  temperature.  The  product  analyzes  as 

U. 

m Both  of  the  above  procedures  may  be  improved  by  adding  to 
the  reactant  mixtures  a mixture  of  scrupuiously  predri^ed  and 
prefused  CaCl,  and  BaCla.  The  salt  mixture  serves  as  a fl,«  and 
at  hlch  temperatures  dissolves  both  the  CaO  and  ca  metal,  it 
is  farther  recommended  that  the  product  be  reduced  a second 
time  under  the  same  conditions;  this  is  because  the  first  reduction 
normally  goes  to  equilibrium  and  no  further. 


IV*  Many  varlflLtions  of  the  reactlOA  of  irtanium  chlorides  with 
metallic  Na  in  sealed  iron  vessels  have  been  described*  The 
products  range  In  purl^  from  93  to  103%  U*  The  preparative 
method  described  below  is  based  on  the  earlier  procedures  and 
attempts  to  overcome  some  of  their  shortcoming;  hoivever,  It 
affords  a uranium  whose  x-ray  diffraction  pattern  stiU  clearly 
shows  UOa  lines.  For  this  reason  one  must  question  the  as- 
sertions of  earlier  authors  who  claimed  that  this  procedure 
gives  a completely  pure  producL 


UCU  -S-  4Na  - U + 4 Nad 

379.9  92.0  aaa,i 

tlCL  + 5Na  = U + 5NaCl 

4U.4  115.Q  iaa.i 


An  alumina  tube  closed  at  one  end  (a  so-called  Tammann 
crucible),  12  cm,  high  and  2 cm*LD*,  is  charged  succsesively  with 
5 g,  of  NaCli  13  g,  of  uranium  chloride  (for  preparatlOUp  aee  p. 
H36  un^r  UCl^,  method  i)*  and  4,5  g»  of  baa  metal  (froflhly  cut 
under  ether The  materials  must  be  added  as  rapidly  as  possible 
and  ^en  ocvered  with  NaCl  up  to  I cm*  below  the  top  edge  of  the 
filled  tube  is  placed  inside  an  only  slightly  larger 
cnicible  (3-mm,  wall  thickness)  and  the  lid  of  the  latter  is 
tinft  ^ (see  also  Part  III,  Intermetallic  Compounds » prepara- 
^ ^ Gomponents).  Two  thick  wires  or  bars 

hn  j outside  of  the  iron  crucible  so  that  It  may 

ifl  electric  furnace*  The  reactor 

1150'^C  {2  hours),  held  for  15  minutes  at 
eoenJr™^^^^’  ^ ^Beared  to  cool.  The  crucible  Is 

HCUfl^nab.^  oontetits  of  the  alumina  tube  are  treated  with 

water  to  remove  unreaeted  Na,  then  with,  hot 

•awr  to  dlBBolve  away  the  NaCl.  yeUow  NagUaC,  may  appear 
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during  this  operation,  even  If  the  chloride  reactant  contained  onlF 
a 3mall  percentage  of  UOaCla*  However,  the  >TftaUaO>  toW  T» 
separated  completely  from  the  U metal  residue  by  repeated 
slurrying  with  water  and  decantation.  The  residue  b then  waBhed 
several  times  with  HCl-saturated  methanol  and  with  water*  Finally^ 
light- gray  metallic  pellets  are  obtained, 

V.  [iLKCruOLYTIC  PREPARATION 

Very  pure  uranium  is  obtained  by  electrolysis  of  in  an 

fJaCl-CaClg  meltp  A cylindrical  graphite  crucible  serves  both  as 
the  electrolysis  vessel  and  the  anode*  It  has  an  LD*  of  6 cm.,  a 
height  of  15  cm.  and  walls  1-2  cm,  thick.  The  electrical  con- 
nection la  made  with  a strip  oi  m sheet  wrapped  around  the 
upper  part  of  the  outside  wall.  The  cathode  Is  a strip  of  Mo 
sheetj  0^5  mm,  thick  and  1 cm,  wide^  which  Is  immersed  in  the 
melt  so  that  its  lower  end  is  2*&  cm,  above  the  bottom  of  the 
cr  lie  idle.  The  latter  stands  in  a suitable  refractory  vessel  ^ around 
which  a heating  wire  is  wounds  The  entire  apparatus  is  placed 
In  a large  “diameter  lead  vessel  filled  with  thermal  Insulation, 

A mixture  of  250  g*  of  NaCl  and  250  g,  of  anhydrous  CaCl^  la 
first  fused  together,  and  the  melt  temperature  is  adjusted  as 
exactly  ag  possible  to  775 When  the  mixture  is  thoroughly 
melted,  the  cathode  is  inserted  and  the  current  is  turned  on 
(30  amp-t  potential  drop  between  the  electrodes  about  5 v*)*  The 
current  density  should  be  10  amp./in. 

Now,  30  g.  of  KUFg  is  added  In  small  portions  so  that  It  melts 
as  rapidly  as  possible*  After  addition  of  the  KUFe  is  completed, 
a deposit  of  U begins  to  form  on  the  cathode,  where  it  appears  In 
the  form  of  a metallic  tree;  this  reaches  a thickness  of  about 
2,5  cm*  in  45  minutes.  The  old  cathode  Is  then  slowly  withdrawn 
from  the  melt,  a new  one  is  Introduced,  and  the  electrolysis  Is 
continued  as  before,  while  fresh  salts  are  added  to  the  melt  as 
needed. 

The  material  adhering  to  the  cathode  consists  of  a gray, 
spongy  mass,  which  Is  permeatedandsurroundedby  solidified  melt* 
The  melt  protects  the  material  from  oxidation  diir  lag  cooling.  After 
thorough  cooling*  the  solids  are  stripped  off  the  cathode  add 
treated  with  water-  Most  of  the  salts  dissolve  quite  easily,  while 
the  residue  of  heavy  U powder  can  be  readily  and  completely 
freed  from  traces  of  CaFg,  etc*,  by  slurrying  with  water.  The 
fraction  consisting  of  very  fine  particles  should  be  separated  at 
the  same  time,  since  this  material  oxidizes  very  easily*  The 
residue  then  comprises  pvtre,  fairly  coarse  particles  of 
metal.  The  latter  is  washed  with  5%  acetic  acid,  followed  by 
alcohol  and  ether;  it  is  dried  In  vacuum  and  stored  in  air-fci^ 
vessels.  This  material  Is  not  pyrophoric*  However*  if  the  fine 
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lMt*l  powder  is  oot  rented  the  dry  product  may  Ignite  In  air 

i^idoT  (jircidixstaJicfi^j 


PftWEBTlSS^ 

LiffM-rrav  DcUets  or  black  powder,  M^p-  16S9  ; d 18*685, 
May  dSled  using  an  electric  furnace.  Dissolves  In  dlL  HCl 
*id  islowly  in  cold  adds  but  rapidly  In  warm  ones),  evolving 


R^FEFENCESr 

H,  Punk*  Darstellung  der  Metalle  im  Laboratorlum  IPreparation 
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IL  E-  Botolfsen,  BulL  Soc*  Chlm.  Franc*  45,  626  (1929). 
nL  W*  KrolL  Z*  Metallkundo  28,  30  (1936), 

IV*  Je  Zimmermann.  Irieblgs  Ann,  216,  16  (18B3);  A,  Fischer*  Z, 
anarg,  Chem,  SI,  170  (1913);  A.  Roderbwg-  Ibid,  81,  122 
(1913);  D.  Lely  and  L.  Hamfaureer.  Z,  anorg,  allg-  Cbem,  87, 
220  (1914)  r H,  Haag  and  G*  Brauer,  Data  from  the  Cbem*  Lab, 
of  the  Uoiv,  of  Freiburg  U Br,,  1950* 
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Ufonium  Hydride 


UH, 


U -f  3/2H.  = UH, 

mi  33,^  L %AIA 


aucce$siul  only  when  very  pure 


uramuia 


This  procedure  is 
in*tal  la  employed* 

Uranium  (lO  g,j  jg  freed  of  the  adherent  oxide  layer  by  hrlei 
nitric  acid,  washing  with  water,  and  drying 
^ The  metal  is  th^n  coarsely  ground  aM  placed.  In  a 
wWcb  shom,i  be  large  eneuihto  acoomLodste  the 
• voliune  which  sccompajiies  the  hydride  formation* 

fTha  prefreatment  ol 

W H,  iwl^s  passage  through  a copper  coiuixm  heated  to  650- 
powtter  h*n^  f perchloratB),  and  uranium 

See  also  part  n.  Section  I,  p.  113  f. 
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V 


PHCJPEHTIESf 

Fine,  black,  pyrophoric  powder.  Loses  Hswhenheated  la  vacuum 
above  050  "C,  forming  a uranium  of  high  chemical  activify.  Powerful 
reducing  agentj  reacts  vigorously  with  water  acoordliuc  to:  2 tJH«  ■* 
4HgO=  2 UOa  + 7 Ha.  ^ 


a£rER£NClES: 

F,  H.  Spedding,  A,  S,  Newton,  J,  C.  Warf,  O.  Johnson,  B.  W.  Kottorf. 
J.  B.  Johns  and  A.  H.  Daaae.  Nucleonics  ^ 4 (1949). 


Urontum  (lU)  Chloride 

t)cu 

uch  + V,H,  = UGlj  + HCl 

378,9  JI.5Jh  ^44A  3fi.5 

1,  Completely  pure  UCl*  is  reduced  with  in  the  same  teibe  In 
which  it  Is  prepared*  The  reduction  proceeds  below  red  beat  and 
then  at  dull-red  heat*  until  the  off-gasea  are  free  of  HCL  Absolutely 
pure  He  mu=st  be  used*  The  dull-brown^  very  hygroscopic  UCl^  adf* 
heres  strongly  to  gl&sa*  ThuSj  when  the  mechanically  separated 
product  is  dissolved,  some  brown  to  brlok^red  U (IV]  silicate  Is 
always  obtained  as  a residue- 

n.  Uranium  Is  reacted  with  dry  HCl  at  260^300*^0* 

PROPERTIES: 

Lustrous  I dflxk-red(  very  hygroscopic  needleei  d®S  5*440^  Very 
readily  soluble  In  water,  giving  a purple -red  liquid  which  beco^eg 
green  within  a few  seconds  as  Ha  is  evolved  and  a red  precipitate 
forms*  Inscluble  In  anhydrous  alcohol j aoetlc  acid,  CCi«, 
aoetOT^e  and  pyridine-  ’ ? n 


REFERENCES;  ' 

L At  Hosenhelm  and  H*  LeobeL  anorg*  Cbem*  67,  2^  J J????' 
W,  BUtz  and  C*  FendJus*  Z.  ancrg.  allg^Chem, 

F.  Suttte  in:  Th*  Moeller,  Inorg*  3yntfeB^B,  Voh  V*.mw 
York- Toronto- London,  1957,  p-  145^  - 

Starltaby-  Analyt-  Chem*  28,  1055  (19S6J- 
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Ufoniwjn  (IVl  Chloride 
UCt, 


1 Tbe  preparation  of  completely  pure  UCl*  Is  difficult 

since  under^rmal  conditions  there  exists  an  equilibrium : 2 UCI*^ 
Cl  = 2 UCl,.  However,  for  many  purposes,  especially  for  thesuT> 
SSuent  reduction  to  metallic  tJ.  any  mixture  of  the  tw)  uranium 
2?ortdes  is  adequate.  Such  amUture  Is  prepared  rapidly  and  con^ 
veniently  by  the  following  method. 


i;Oi  + C + ’2V.CIj  (2Cli)  • UCIj  (UCI|) 

lltt 


COj 


^ quarts  tube  40  cm.  long  and  2 cm.  I.D, . Ixith  ends  of  which 
carry  ground  joints,  is  charged  with  a mixture  of  20  g.  of  UOa 
and  y g.  of  carbon  black,  distributed  along  the  entire  length  of  the 
tube.  One  end  of  the  reactor  tube  is  connected  to  a wash  bottle 
containing  HsS04i  the  latter,  in  turn,  is  connected  to  a U tube  filled 
with  P5O5.  which  Is  attached  to  a Cis cylinder.  The  other  end  of  the 
reactor  is  connected  to  two  ground-'jolnt  Erlenmeyer  flasks  In 
series  {do  not  use  round^hottom  flasks;  these  are  not  as  well  suited 
for  the  precipitation  operation),  which  In  turn  are  attached  to  a wash 
bottle  with  H^O«  (the  latter  is  connected  backward  and  serves  as  a 
trap  for  atmospheric  moisture).  All  joints  are  lubricated  with 
vitreous  phosphoric  acid,  A very  fast  stream  of  Cla  is  passed 
through  this  apparatus.  When  all  the  air  is  displaced,  the  reactor 
is  heated  with  two  rosette  burners,  beginning  at  the  Cl  ^ inlet. 
Within  a short  time  the  uranium  chloride  begins  to  sublime  into  the 
cooler  part  of  the  tube,  largely  as  a brown  vapor.  By  shifting  the 
burners  to  the  next  aone  of  the  tube  as  the  reaction  Is  completed  in 
the  preceding  one.  It  Is  possible  to  suhlime  most  of  the  uranium 
Chloride  into  the  two  Erlenmeyer  flasks.  The  yield  is  almost 
quantitative.  It  takes  one  hour  to  obtain  about  13  g.  of  uranium 
chloride  from  20  g.  of  UO3. 

Chlorination  of  UgOg  under  identical  conditions,  Bometlmes 
reo^mended  in  the  literature,  gives  chlorides  greatly  contaminated 

With  UOgCl^i 


obtained  by  heating  3 mixture  of  20  g.  of  UO3 
° augar-derived  oharcoal,  covered  with  some  ad- 
sugar  charcoal  powder.  The  reactants  are  in  an  unglazed 
divniii,>a,4  a stream  of  Cl^  is  passed  over  the  latter  (the  air  is  first 
evacuation  and  several  purgings  with  Cla)*  The  re- 

drlven^ii^/i^T  ^ completed  ate0O-70O*C,  The  UCU  Is 
receiver  sealed  onto  the  reactor  tube  to 

In  a CO  atvAan.  s*  The  material  must  be  redistilled 

IB  a CO,  stream  into  « second  receiver  sealed  onto  the  flrat. 
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jIL  UOt  + 2SOC),  -=  UCl^  + 2SOi 

2"0V  S37.0  m.9  las.l 

A bomb  tube  of  --  1,5  cm.  I*D*  Is  charged  wltb  5*6  g*  of  pure  VO^ 
and  lO  JuK  <yi  SOCI^  (fresbly  distilled  In  vacuum);  these  sre  ttaea 
thoroughly  mixed.  The  sealed  tube  Is  heated  for  7 days  at  200  *C;  the 
time  required  for  completion  of  the  reaction  may  be  somewhat  re- 
duced if  the  tube  Is  briefly  cooled  at  regular  Intervale  and  the  SOa 
formed  is  permitted  to  escape. 

The  product  consists  of  UCU,  partially  dissolved  in  SOCU  and 
partially  present  as  green  crystals.  The  lower  part  of  the  bomb  tvd» 
is  cut  oiU  the  entire  contents  rinsed  rapidly  with  some  SOClg  into  a 
100- mi*  gromd-joint  flask  and  dietlllod  under  reduced  pressure 
{e,g„  UO  mm*)  in  a stream  of  dry  N a (or  CO  a)  to  remove  the 
SOCI3.  Finally,  the  brown  adduct  of  SOCls  andUCl*  is  decomposed 
by  heating  at  about  ISO^’C  until  a pure  green  residue  of  UCl  * la 
obtained  (half  an  hour  is  required)*  Yield:  about  7*5  g*  (66%)^ 

IV,  Analogous  to  Honigsehmid's  method  for  UBr 4 (see  p,  1440  fj* 
The  product  has  the  composition  indicated  by  the  formula^  The 
procedure  is  somewhat  tedious  because  of  numerous  precautionary 
measures  necessary,  Useful  only  for  small  quantities* 

V*  Chlorination  of  UC1$  at  250^C, 

PnOPEftTlSS: 

Formula  weight  379,90,  Light-green  needles  or  dark-green  octa- 
hedra,  which  sublime  at  red  heat  as  a red  vapor-  M*p*  567"*  b*p* 
61S®;  d^l  4*73“4,07,  The  aqueous  solution  gives  a strongly  acldlC 
reaction  because  of  hydrolyais.  Soluble  in  ethyl  acetate  and 
benzoate;  insoluble  in  ether,  chloroform  and  benzene. 


HEFEHENCES: 


L 

IL 

HI* 


TV* 


V. 


H.  Haag  and  G.  Brauer,  E3q5erimente  at  chemical  laboratories 
of  the  University  of  Freiburg  1*  Br*,  1950* 

A.  Voigt  and  W*  Biltz*  Z*  anorg.  allg*  Chem*  133,  2S1  . 

H*  Hecht.  G,  Jander  and  H-  Sehlapmann*  Ibid,  2^^  255 
checked  at  chemical  laboratories  of  the  University  of  Frelhdrg 


I-  Br.,  1951* 

L>*  Honlgsebmid  and  W*  E.  SohUzi  ftnorg* 

148  <1928):  O,  HontgschniLd  aad  F.  Wittner,  Ibid.  226,  29S 
[1336). 

E.  Staritzky.  Anaiyt.  Cbem.  28,  1056  <p56^  see  also 
Sermaim  and  J,  F,  Suttle  In;  Th.  MObUeri  ^org,  Syathesea, 
Volf.  Hew  York- Toronto* London f 1957,  l43. 
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Uronium  (V}  CMoftJ* 

UCU 


UCli  + '!iOt  — UCI5 

37&.9 


A verv  clftftJi  hard-glaas  tube  a-Jj*  ^>ent  as  shown  in  Fig,  324,  is 
charged location  ^ with  a mbiture  of  UCU  and  finely  divided 
Sood^rcoal,  <ind  attached  Immediately  to  a Cla-generating  ap- 
Baratus  via  joint  ti.  The  reactants  and  the  glass  tube  are  carefully 
dried  by  heating  in  the  Cls  stream,  which  is  predried  over  PgOe- 
When  ^nger  heating  is  applied  at  b,  a mUture  of  UCU  and  UCU 
distills  toward  To  comp  Lately  convert  this  chloride  mr^turo  Into 
UCI5  ft  sufficient  quantity  of  Cla  is  first  frozen  In  / by  cooling  the 
latter;  the  tube  is  then  sealed  off  at  and  (after  evacuation  via 
joint  h)  at  g.  The  solid  Ch  at  I is  brought  to  0“C*  This  results  in 
a vapor  pressure  of  about  3,6  atutp  Then  heating  the  tip  of  tube  d- 
causes  sublimation  of  pure  UCU  from  the  heated  zone;  it  forms 
a dark“brown  deposit  at  c. 


{/cu 


Fig*  324,  Preparation  of  uranium  (V)  chloride* 

Alternate  method;  Chlorination  of  U^Og  with  CCI4  in  a sealed 
tube  at  250 *C  (Michael  and  Murphy), 


PBOPERTIES: 

Deep-brown^  crystallinfii  very  hygroscopic  sublimate*  Dlssodl^ 
ates  slowly,  $ven  at  room  temperature,  to  UCU  and  Cla  {equi- 
janim  partial  pressure  of  Cl^  at  20*C  Is  at  least  10“=  mm.);  must 
therefore  be  stored  la  sealed  vessels  filled  with  Cl,.  Soluble  In 
evolutioQ  of  HCl;  soluhle  in  absolute  alcohol 
ne,  the  best  solvents  are  ethyl  acetate  and  ben  zon  it  rite- 


fiEFEJ^^:^CE«: 

Chem.  295  (1943): 
eUMst'  A Helnselmaiin,  Ber.  dtsch.  chem.  Ges.  42.  495 
Michael  and  a.  Murphy,  j.  Amer.  Cbem.  «. 
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Urany)  Chlaridfr 
uo,ci, 

UOfSOr3HiO  + BaCU  — UOfGi  4*  BaSO^  H-  3H*0 
4^012  HOfija  34lj0 

UO.  + 2HC1  = UO.CI,  + H*0 

286.1  72S  S41,{) 

U.Oj  -!-  6HCI  + H.O,  = aUOiCl,  + 4H^O 

34,0  10H3.0 

An  aqueous  solution  of  uranyl  chloride  Is  prepared  toy  {n)  drop- 
wise  addition  of  a BaCls  solution  to  a conc^  solution  of  UO2SO** 

3 HaO  (for  preparation,  see  p.  1447  wider  uranium  (IV)  sulfate] 
utitil  all  of  the  SO|"  ion  is  precipitated  {no  excess  of  BaCla)* 
followed  fay  filtration;  or  (b)  by  thorou^y  boiling  VO3  With  water 
to  give  a yellow  powder  of  HgUO^,  which  Is  thi^  dissolved  In  ^1, 
ECU  or  {c)  hy  slurrying  U3O9  in  conc-  HCl,  followed  by  dropwtoe 
addition  of  30%  KaOg;  the  U3O9  Is  thus  dissolved  as  UOaCls*  al- 
though the  reaction  is  slow- 

Careful  evaporation  of  any  of  the  UO a BClutions  on  a water 
bath  and  then  in  a vacuum  desiccator  over  cone,  affords  a 

crystalline  mass  of  composition  UO^ClB-HgO,  To  obtain  UOrfUia' 
3 a small  portion  of  the  residue  is  heated  with  soma  cono^ 
HCl,  the  resulting  solution  Is  allowed  to  evaporate  in  a desiccator^ 
and  the  small  crystals  which  aepaxata  are  addedic  a conc.  solution 
of  the  main  body  of  the  monohydrate,  whereupon  they  grow  Into 
large,  uniform  prismatic  crystals^ 

The  UOgpig*HflO  and  H^O  can  be  dehydrated 

without  decomposition  by  the  following  method*  The  uranyl  chloride 
is  first  dried  over  PaOs,  placed  In  flat  porcelain  boats,  and  elowjy 
heated  in  a dry  HCl/Cla  stream  to  about  450^C  over  a period  of 
4-5  hours*  Under  these  conditions  no  decomposition  to  the  OxldO 
takes  place  and  only  the  water  of  crystallisation  Is  removed*  if 
any  UOjg{OH)Cl  is  present,  it  Is  converted  to  UOgCia  by  reectiott 
with  the  HCl,  lifaerating  water- 

AUeynate  methods:  ^j)  repeated  evaporation  of  uranyl  nitrated 
acetate  with  cone,  HCl  yields  UOgCIa  solutions,  which  are  crystal^, 
lized  In  a vacuum  desiccator  over  KOH-  The  amount  of  water  o| 
crystallization  present  in  the  product  depends  on  the  duration  of 
the  drying  period,  = v: 

b)  Oxidation  of  UCU  with  O*  (Leary  and  guttle)*  f 

t^nOPERTlES; 

UOaClg 

Golden^yellow  when  completely  anhydrous  j hydrated 
hlbitfi  a.  greenish  luster. 
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VOvCla  * 3 HaO 

Fr^rmiila  vveiaht  395.03.  Yellow-green,  fiuoreacent  obUque- 
Formiiia  weig  ^ extremely  soluble  in  water. 

7.3S  wt.  psrto  o(  UO.Cl.  ■ 3 H.O  oU>- 
“e  S.«.»d30l-‘»n  U .Pry  vlpcops. 

REFERENCES: 

F.  Mylius  and  E.  Dietz.  Ber.  dtsch.  eheim  ^s.  2774J1901); 

w Oeehstier  de  Coninck,  Comptes  Rendus  Hebd.  Seances 
Acad.  SCI.  148,  1769  (1909):  L.  Ochs  and  F.  Strassm^.  z. 
Naturforsohrib,  637  (1952);  H.  A.  Le^y  and  J.  P.  Suttle  In: 
Th.  Moeller,  Inorg.  Syntheses,  Vol.  V,  New  York-Toronto- 
London*  1957,  148* 


Uranitjm  (IVj  Bromide 


UBt* 


Prepared  by  broniinatlog  a mixture  of  UOg  and  charcoal- 
The  apparatus  used  by  Honigsehmld  (Fig-  325)  consists  es- 
sentially  of  two  parts:  the  glass  section  A and  the  quarta  tube  B 
with  receiver  C,  Section  A serves  to  hold  the  weighing  tube  and 
its  stopper,  and  is  attached  to  the  quartz  tube  B by  means  of  a 
large  Qange  Joint.  Section  B has  a sacklike  protuberance  on  one 
side*  of  the  same  LD*  aa  the  quartz  tube  itselL 

System  D,  comprising  3 quartz  tubes  collected  by  ground  joints, 
is  inserted  into  tube  The  side  view  of  this  system  is  shown 
separately  in  the  figure » and  is  also  reproduced  in  the  main  draw- 
ing* Tube  constricted  in  the  middle,  carries  a quartz  boat 
containing  the  oxide-charcoal  mixture*  Tube  b,  which  will  be  stored 
later  in  the  weighing  lube  mentioned  above*  serves  as  a receiver 
for  the  pure^  fused  UBr^*  Tube  c leads  the  uncondensed  bromide 
vapors  into  the  receiver* 


The  quartz  boat  is  charged  with  a mixture  of  1 part  of  sugars 
deriv^  charcoal  and  4 parts  of  uranium  oxide , intimately  ground 
lather  in  an  agate  mortar*  The  boat  Ls  then  inserted  into  tube 
Tue  Hanged  joint  and  all  stopcocks  which  will  come  in  contact  with 
romine  vapor  are  greased  with  sirupy  metaphoBphorio  acid*  The 

together  with  strong  metal  springs-  The 
^ ^ i^ated  with  small  electric  tube  furnaces  which  can  be 
of  the  quartz  tube  as  far  as  the  protuberance* 
h«^  ^ and  the  quartz  tube  Is 

ordAr  frt  /ik^  entire  length  tbeglnning  at  the  protuberance)  In 
dry  the  material.  Then  a Brg-saturated  atroam  of  Ns  Is 
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introduced  and  the  furnaces  are  shlfteii  Jn  such  a Tnann-ep  that  the 
entire  system  of  tubes  can  be  heated  as  far  as  part  d.  The  tempera- 
ture is  raised  to  yellow  heatj  the  iffir*  begJtis  to  form  and  con- 
denses In  tl.  Tubes  b and  c remain  completely  free  of  material  and 
only  a small  amount  of  UBr4  collects  in  receiver  c.  About  5 g.  of 
UBr4  forms  In  one  hour.  The  furnacea  are  now  shifted  In  such  a 
way  that  the  preweighed  tube  b remains  cold,  yet  the  suhUmate  In 
,/  Is  heated  to  yellow  heat.  The  second  sublimation  (from  d Into  fe) 
is  carried  out  either  in  bromine  vapor  or  in  pure  Na, 


A 


a A f 


Fig*  325*  Preparation  of  uranium  (IV)  tromide- 

The  melting  of  the  UBr^  should  be  acoomplisbed  without  a loS3> 
if  possible!  and  without  too  long  an  exposure  to  high  temperature. 
Thus,  after  completion  of  the  sublimation*  the  entire  system  of  tubes 
Js  pushed  toward  the  protuberance  by  means  of  a quartz  rod  In- 
serted through  receiver  C,  while  all  furnaces  are  still  at  their 
maximum  temperature.  In  this  way  the  small  tube  b with  the  UBr^ 
Is  shifted  into  the  hottest  part  of  the  apparatus.  The  sublimate 
fuses  in  a few  moments;  the  furnaces  are  now  shut  down  and  re*- 
moved  at  once*  Unneoeasary  overheating  of  the  IlBr*  la  thus 
avoided* 

The  apparatus  is  allowed  to  cool  in  a stream  of  Na,  and  axe  then 
filled  with  dry  air.  In  disassembling  the  tube  system*  receiver  C Is 
removed  first  and  the  individual  Joints  are  loosened  with  along 
glass  rod  provided  with  a small  hook,  while  a steady ^ fast  stream 
of  air  is  passed  through*  Tube  a is  pushed  up  to  the  protuberance 
and  is  allowed  to  glide  into  the  latter  by  genUy  turning  the  whole 
apparatus.  Then  tube  h with  the  fused  sublbnate  is  pushed  into  the 
previously  prepared  weighing  tub6i  which  is  then  closed  in  the  usual 
manner*  The  length  of  the  run  from  the  beginning  of  heating  to  the 
disassembly  of  the  apparatus  is  3 hours  or  less. 

PHOPEntlES: 

Formula  weigbt  557,73.  d=4  4,838,  Lustrous,  broro  to  bl^fc 
leaflets,  sublimable  in  a Bra-Kg  stream;  iaKg  aloue,  dissociates 
partially  to  UBr*  and  Brg.  Dissolves  In  HgO  with  flasing  and  £or- 
matton  of  a green  liquid. 

HEFEHEMCES: 

0.  Honlgschmld.  Monatsb.  Chem.  §6, 

F.  Wlttner.  Z,  anorg.  allg.  Cbem.  2^i  296  (I936f. 
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Uraniuin  OxieJ# 
VOt 


UjO^  J-  2Ht  “ 3UOi  I-  2HiO 

s4i.2 


rue  starting  UsO^  fs  prepared  by  heating  pure  urai^l  nitrate, 
c«aS^  or  S^de  U ^monium  dluranate)  to  700-800;C;  it  la 
SS  Sduc^wlth  at  900^C  and  allov^ed  to  cool  In  the  stream  of 


n* 


IJOjCsOi  ^^HiO  ""  tJOi  H 2COj  ^ 3IijO 


Precipitation  of  a hot  cone*  solution  of ur any  1 nitrate  with  oxalic 
acid  yields  a yellow  powder  of  ‘ ^ this  is  converted 

to  black,  very  fine,  pyrophoric  UO^  powder  in  a stream  of  Hg  even 
below  red  heat* 


HEFtRESiCES: 

Formula  weight  270. L Brown  powder,  M*p.  2176*"  under  Ns: 
10,8,  Crystal  structure:  C 1 (fluorite)  type, 

REFERENCES: 

I.  W*  BiJt^  and  H.  Oftiiler*  Z*  anorg.  allg,  Chem,  lfi3,  £61  {1927), 
XL  W*  Jander*  Ibid*  138*  321  (1924)* 


Ufaninm  {VI)  Oxide 


UOi 


Pi^e  UOa  la  difficult  to  prepare  becausetlie  thermal  cleavage  of 
uranyl  compounds  does  not  free  the  product  of  trance  of  volatile 
exponents,  while  at  high  temperatvires  dissociation  into  UsOa 
? j objectionable.  To  circuiriTent  these  drawbacks  It 

IS  desirable  to  use  Og  at  a preEsure  above  atmospheric. 


U0,-2H,0  = UO, 

3351  Jgj_l 


'ItOt  + 2H,0 


cHarged  with  S~10  g.  of  the  dry  peroxide  and 
3(50*c  \ ^red)  m an  electric  crucMe  furnace  preheated  to 
stream  o!  Oa  le  admitted  through  the  opening  In  tho 
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furnace  Ud.  The  temperature  ts  initially  held  for  3-B  hours  at 
350 ’C  and  then  for  one  half  to  one  hour  at  400*C.  The  weWilna 
tube  is  then  stoppered  and  allowed  to  cool  in  a desiccator. 


IL  uranyl  nitrate  la  heated  in  Og  to  500*C!  however,  the  Drodoot 
still  contains  traces  of  water,  ^ 


HI,  UiO,  + VtOj  = auOg 

S42  2 8SB.2 

Figure  326  ahows  the  apparatus  In  Virhich  rather largp  quanllttes 
t>f  U^Og  can  be  converted  to  UO^  at  an  oxygen  pressure  higher  than 
atmospheric.  The  reactor  r consists  of  an  Inconel  {a  Cr-Kl  alloy) 
tube  which  is  screwed  Into  a brass  flange  plate*  This  plate  also 
carries  a seal  seat  groove  with  a neoprene  gaskets  The  upper ^ 
bllmi  flange  plate^  also  made  of  brass,  carries  the  seal  tongue  and 
Is  drilled  for  a welded-^on  brass  cross.  The  latter  Is  connected  to 
two  high-pressure  diaphragm  valves  and  a pressure  gage*  A re- 
movable  quart 2;  Insert  q facilitates  replaaement  of  reactants* 
Manometer  m is  arranged  in  such  a way  that  it  also  serves  as  a 
pressure^'reliftf  valve*  The  graduated  tube  g is  for  the  liquid  oxygen; 
It  must  contain  sufficient  oxygen  to  generate  the  deair ed  pressure 
in  the  reactor. 

Pure  U^Og  (or  UOg  prepared  as  in  method  I)  is  placed  in  the 
quarts  insert  tube  g and  the  reactor  assembled  to  the  flanges.  The 
entire  system  is  purged  With  O3,  beginning  at  stopcock  the  Ob 
may  be  discharged  at  the  pressure  gage.  Then  stopcock  hi  is 
dosed  and  the  apparatus  is  evacuated  by  opening  stopcocks  and 

h2\  In  this  operation,  valve  U4  Is  open  and  closed.  The  is 

completely  dried  by  heating  reactor  r for  one  hour  at  850*C  while 
maintaining  the  vacuum*  A McLeod  gage  is  used  to  ascertain  when 
the  apparatus  is  completely  evacuated;  the  vacuum  connection  at 
stopcock  is  then  closed,  as  are  stopcock  ^^a  and  valve  04,  Trap 
/ is  filled  with  liquid  Os  hy  immersing  it  in  liquid  Ng  and  opening 
The  amount  of  Og  condensed  in  the  trap  should  exceed  l^y  10% 
that  required  to  bring  the  pressure  in  the  reactor  to  S7  atm.  gage. 
This  Op  quantity  can  be  estimated  more  exactly  after  the  apparatus 
has  been  used  once*  When  sufficient  Is  condensed  in  the  trap, 
stopcock  hi  is  closed*  Now  the  graduated  tube  g is  Immersed  In  a 
Dewar  flask  filled  with  liquid  Ng  and  stopoock  is  opened*  The 
quantity  of  which  is  needed  to  attain  the  required  gage 
pressure  Is  measured  into  g and  stopcock  Is  then  closed*  The 
reactor  Ijg  oooied  in  liquid  Ng  and  valve  Is  <?>ened-  Tube  s Is 
then  immersed  in  liquid  Oa  la  order  to  establish  an  inside  pressure 
of  about  1 atm,j  this  causes  the  O3  to  distill  over  Into  the 
Next,  valve  v.  is  eloaed  and  the  reactor  t is  brought  very  graduo^ 
w room  temperature  In  order  to  avoid  scattering  of  the  UsOb  vy 
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t«u 

» - n The  best  procedure  for  doing  this  Is  to  replace 
newar  flask  with  an  empty  one.  The  reactor 
tbe  **^*^^a"i**J  ^.fliantric  furnace  and  heated  for  40  hours  at 
tube  Is  plac^  in  condensed  in  the  reactor,  the  excess 

eoO-700-C.  The  liquid  O,  remaining  m 

can  be  vacuum,  or  allowed  to  escape  (slowly) 

to  ^et.r  i U«  WPl*  I”*  “"'‘““‘"t 

procedure  yields  pure 


Fig*  326,  Preparation  of  uranium  (VI)  oxide, 
r Inconel  reactor;  ^ quartz  insert  tube;  g 
graduated  condensation  trap;  / condensation 
trap;  m manometer  and  pressure- re  lief  valve; 

V valves. 


PROPEflTlES: 

Bright  orange-yellow p very  hygroscopic,  ainorphous  powder  or 
hexagonal  cryetale;  d^|  7,3€8*  ^luble  in  mineral  acidSp  forming 
uranyi  salts.  In  water*  it  hydrates  in 24 hours  at  room  temperature 
to  give  VOa  - H^O* 

A red,  hexagonal  modification*  which  Is  less  stable > forms  at 
450“5(WC;  its  crystal  structure  resembles  that  of  UaOa- 

a£FSfi£NCE5^ 

L W-  BiitE  and  H-  Muller,  z.  atiorg,  allg.  Cheim  163  , 258  (1827)- 
Hu  G.  ^ pittig  and  Eu  v,  Schroeder.  tbid.  121,  250  (1922)  J S.  Si. 
Lu.  Sci,  Teohaol,  China  12  (1946),  abstr , in  Chem.  Zentr, 
1949.  II,  951. 

^ 21'^'(1950)*  13^‘Fidson,  J.  Amer.  Chero-  Soc* 


24.  CHKOMIUM,  MOLYBDENUM,  TUMQBTEN,  URANIUM 

Alkoll  Uranotos  (VI}  . 

Li,UO|,  NatUO*,  K»UO,  ^ 

DO,  + Li,CO,{NB,CO,,KrfX),}  = LiiUOnCNaitJO^,  K,UO<}  + OOi*  ‘ 

iBB.l  73.9  <193.0,  13A.S)  316.0  <349.1,  330.3)  '■* 

Alkali  carbonate  and  UO3  (1  s 1 mole  ratio)  are  Intlmat^ 
ground,  placed  In  a large -diameter  crucible,  and  gradually 
in  an  electric  fliraaea  to  800*C  while  O3  1b  slow)y  passed  thrclii^,' 
The  process  is  interrupted  several  times  to  regrInd  the  reactants! 
The  end  of  the  reaction  is  recognized  by  the  failure  of  a sait^le  td 
evolve  COa  on  dissolution  in  dil.  hydrochloric  acid  (2-3  days 
quired  to  reach  this  point). 

PBOPERTIES: 

Light  orange  when  finely  divided.  Aqueous  slurries  shew  a 
distinctly  alkaline  reaction  within  a few  minutes.  Soluble  in  dHiife 
hydrochloric  acid  and  sulfuric  acid,  as  well  as  In  2 N acetic  acid 
(except  for  potassiimi  uranate). 

KEPERENCE: 

W.  Riidorff  and  H.  Leutner.  Z.  anorg.  allg.  Chein.  232.  193  (1957). 


Alkoli  Uranotfls  (V) 

LiUtH,  NaUOt 

Li(UO*(Nfft.U04)  + UO,  = 2UUOi(NaUO*) 

313.9  (34S.0)  270.1  533.0  <619.1} 

A mixture  of  alkali  uranate  (VI)  and  TJOe  (1 : 1 mole  ratio) 
Is  heated  in  evacuated,  sealed  quartz  ampoules  at  65 0-750  XkO 

ampoules  are  opened  at  intervals  of  10-20  hours,  the  reaction 
product  is  reground  to  a fine  powder,  and  the  heatl^  is  resumed 
using  a new  amjpoule.  The  reaction  is  complete  in  75-100  hours; 
the  lithium  compound  forms  in  a somewhat  shorter  time  and  at  a- 
somewhat  lower  temperature. 

t'HOPEHTIES: 

Formula  weights:  LllfOa  293.0:  NaUOi  309.1,  LIUO3  is  dark 
violet,  NaUOs  brown-violet.  Both  are  very  stable,  Muoh  more  r<>- 
aistant  to  acids  than  the  corresponding  uranates  (VD-  BUvte  hyi^tir^' 
chloric  and  sulfuric  acids  have  no  effect  in  bold.  IilssbZ^J^ 
dU.  nitric  acid.  ' ^ 
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MM 

WfUIKNCC; 

Wt  Jifittorff  And  H.  LeutMT.  Z,  anory.  allg.  Chem.  193  {1957). 


Uronium  P«roxtd« 

Ft«c)|iitat«s  fpffm  tiraiy^l  nitrate  solutions  on  addition  of  H3O3, 

I.  A boiling  10%  solution  of  uranyl  nitrate  Is  treated  dropwlse  with 
30%  The  resulting  amorphous,  white  precipitate  is  filtered 

on  the  finest  filter  possible  (meinbrane  or  Mlllipore  filter)  and 
washed  thoroughly  with  boiling  water.  The  peroxide,  which  is  a 
bright  sulfur-yellow  after  filtration,  is  first  dried  In  the  sir  on  a 
clay  plate,  then  at  KWC  to  constant  weight,  and  stored  in  vacuum 
over  P^Os. 

n.  Reaction  of  (NH4)s[UOa(C80*)sJ  • 3 HaO  with  HaOa  yields  crys- 
talline, nonh^oscopic  UO4  * 3 H;^,  which  is  converted  to  the 
dihydrate  by  storing  in  vacuum  over  PaOs- 

lU.  A readily  filterable  peroxide  hydrate  is  obtained  from  the 
reaction  of  50  ml.  of  30%  wlth3  g.  of  UOs  (half  a day  at  room 
temperature], 

PROPERTIES; 

Formula  weight  of  UO*  * 2 HaO:  338,10.  Ye  Ho  wish- white, 

amorphous  powder  or  fine  needles. 

REFERENCES: 

r and  H.  A.  ROTenhelm  and  H,  Daehr.  z.  anorg,  aUg,  Chem,  Ifil, 
178, 1£0  (1929).  e 6 

OL  A,  Sleverts  and  E,  StftUler,  Ibid.  173,  299  (1928). 


Urueium  (IV)  Sulfide 
US, 


UCl  + 2H,S  = US,  + 4HCI 
44  jf  I 3(jg^ 


the  preparation  of  U9a  Is  NagUCl 
preferably  to  UCI4  becausB  Ita  volatility  is  lows: 
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The  starting  mixture  Is  prepared  dirring  the  eyntb^le  of 
p,  1436p  method  II};  thus,  the  sealed*oii  round  t^amiving  fIfljfejS 
prechtrged  with  10  g.  of  Ignited  NaCl,  Fualon  of  the  VCU>e«|flt: 
NaCi  yields  a green  cake<  The  Clg  Is  removed  l^y  evhcufitiondf-it^ 
reactor  tube.  Then  et  stream  of  dry  (either  e»»Tated 
liquefied  material  or  made  by  passing  pure,  dry  Up  over « beat 
containing  molten  S)  Is  passed  over  the  NagUClo  while  beatlo®,4#: 
latter  to  600-700^C:  the  reaction  is  continued  for  4-5  hou^  tm^' 
the  off-gasea  are  free  of  HCl.  The  USp  la  allowed  to  eool 
and  washed  briefly  with  deaerated  Ice  water,  then  with 
and  ether,  and  dried  in  vacuum  at  140 ‘C.  . 

- 

1I>  Prepared  from  UaOp  and  at  1150 ®C  (electric  fQmace)’}'de^ 
pending  on  the  reaction  conditions,  either  a ~ or  ^-US^  Is  formed* 


PiiOFEnrms,- 

Black  leaflets  with  a metallic  luster,  altered  only  by  prolojj^eil 
standing  in  airt  d®|  7,96,  ‘ ‘ 


REFERENCES: 


L E.  F,  Strotzer,  0.  Schneider  and  W,  Blitz,  z,  aaorg.  alig.  Cbem. 
M3,  307  (194D};  A,  Colanl.  Ann.  Chlm.  Phys.  (8)  80  (19D7)j 

R.  Flatt  and  W.  Hess.  Helv,  Chlm.  Acta  21,  526  (1938). 

II.  M.  Picon  and  J.  Flahaut,  Conqitee  Rendus  Hebd.  Seances  Acad, 
Scl.  60S  (1963). 


Uranium  (IV]  Sutfale 
U(SO,},‘8H,0  or  4H(0 

Prepared  by  cathodic  reduction  of  UO^SO^: 

UOtSO*  + H,SO,  + 3e  — i‘U(SO,>, 

( 3H.O>  t SH,0)  .‘  .s'. 

S8.1  S74.3 

. -■ ' ^ J f 

The  electrolyte  consists  of  an  approximately  saturated  soISSM 
of  UQa(S04)  ■ 3 KgO  (1  mole}  in  about  twice  the  stolchiometrlo 
quanUfy  (2  moles)  of  H3SO*.  The  UOjSO*  • 3 HaO  is  prepared  frcaa 
UOsfNOa),  ■ 6 H3O  by  evaporatlpg  to  dryness  wRh  HaSO«  . 

ceutratlng  sm  aqueous  solution  of  the  residue  to  a 
sistency,  whereupon  the  UO*SOa  • 3 HaO  8lewij!:scafyststtlt*9^^ 
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two 

un.^-HiiSOt  solution  Is  placed  In  s cooled  glass  cylinder  which 
J^oS’Stiode  space.  A day  cdl  contains  ^ anMe.  The  best 
ate  cbtatiied  wfthan  Hg  cathode  and  a carbon  r<^  anode.  The 
t^ver  is  Disced  on  the  bottom  of  the  cathode  vessel^  the  electrical 
SS.i5»«le  with  a cow»r»iraa«al«dtato  a slaa.  Th. 

proceeds  quite  rapidly  at  3-5  amp-  Any  material  which 
semrates  during  the  electrolysis  is  redissolved  by  addition  oi 
some  water.  At  the  end  the  cathode  liquid  becomes  dark  green  with 
a steel-blue  to  black-violet  fluorescence.  If  the  electrolysis  con- 
beyond  the  tetravalent  state,  the  reddish  brown  color  (in 
transmitted  light)  of  trivalent  uranium  becomes  apparent;  however, 
compound  is  very  unstable  and  is  quickly  reoxidized  In  air 
to  tetravalent  uranluni. 

The  concentrated  acidic  D (SO 4)3  solution  thus  obtained  is 
very  stable  and  may  be  kept  for  weeks,  in  contrast  to  the  very 
dilute  solution. 

Concentration  of  the  solution  in  vacuum  over  yields 

U(SO*),'8  as  large,  dark-green  crystals;  alternate^,  the 
product  may  be  obtained  by  evaporation  in  air  below  75^C.  If  the 
product  Is  precipitated  with  alcohol  In  the  cold,  it  is  a light-green, 
fine  orystallm^  powder* 

The  tetrahydrftte  UfSOi)^  * 4HaO  is  prepared  by  dropwise 
addition  of  eonc-  H^SO^  tothe  reduced  solution  (high-speed  stirring); 
tiie  H3SO4  is  added  until  no  further  precipitation  occurs*  Durlitg  this 
operation  the  temperature  risep  to  40-50 “C* 

The  salt  Is  washed  with  alcohol  and  ether  and  dri^d  on  a clay 
plate. 


PKOPERTIESi 


U(S04)a  * 8 H4O:  Formula  weight  574.32,  Dark-green  moQO- 
crystals.  Hydrolyzes  on  solution  In  water,  pre- 
ciptoting  the  basic  eulfate  UOSO4  *2  HgO,  Solubility  (20 *C); 
8.78  gyiOO  g,  of  solution  in  0.1  N H^O*. 


ctmff  weight  502.26,  Whltishngreen  pre- 

in^^water  needles  arranged  in  a starlike  form.  Soluble 

“ water  with  separation  of  the 
aoida. 


basic  sulfate;  soluble  in  dilute 


fflMRENClS: 

B.  S.  Meyer  and  h.  Nnchod,  Liebigs  Ann.  4^,  186  (1&24). 


24,  CHROMrOM,  MOLYBDENUM,  TUNGSTEN,  URAHIOM 

Ammonium  Uranyl  CorbonaM 
(NH,)*rUO,(CO,)J 


2UOj(NOi)i  + 6NHj  + 3HiO  = {Ntt.)iTJjO,  + 4NHtHQ) 

024^ 

{^JH0*U.O^  + 6(NK*);COj  - 2(NH0^lUOt(CO,),l  + eNH*H-  aH|0 
&’3J.a  X(M4^ 

The  (NH4)atl307  Is  precipitated  from  an  aqueous  solution  Of 
10  g*  of  U0g(N03)3  * 6 H^O  by  addition  of  ooac*  ammonia.  The  "Hw** 
yellow  powder  is  suctlon-fUtered,  washed  with  water,  ajid  stirred 
with  an  excess  ol  cone*  (NH^laCOa  solution  for  about  10  mhvutos 
(the  flask  la  on  a 70 "C  water  bath)*  The  clear  axjqpernatant  liquid 
is  decanted  arkd  allowed  to  stand  overnight*  Yellow  crystals  pre- 
cipitatej  these  are  filtered  with  suction  and  dried  in  air.  The 
residue  of  undissoLved  (NlU)aU307  is  treated  several  times  with 
the  mother  liquor  at  70®C,  as  described  above^  until  crystals  ne 
longer  form  on  cooling.  Yield:  5-8  g, 

PftOPEOTmSr 

Formula  weight  522,26,  Well- formed,  transparent  yellow  crys- 
tals, monoclinic  prismatic;  d 2,773,  Sparingly  solubio  In  water; 
insoluble  In  alcohol  and  ether;  may  be  rccrystallteed  without  de- 
composition from  aqueous  (NH^JaCOa, 

refes^:nce; 

Ebelmen,  Liebig  Ann*  302  (1842), 


Uranium  {FV)  Oxolate 

UO*(CH,COO)i  -H  4HC1  + Nat&O*  - VCh  *f  2KaHSOj  + 

(aHiO)  ( 2HiO)  > 

424.S  145, a aiQ,i 

UCLi  + 2HiCtOi  + 6H(0  = U{C,0*)*  ^ 6 H^G  + 4HC1 
LSO.i  ^22.2 


Five  grams  (0*012  moles)  of  UOa(CH3COO)a  * 2 H*G 
dissolved  In  100  ml*of  dUute  HCl  (1 : 10  in  water)  (rir^ated  te 
While  stirring,  5 g.  (0.024  moles)  of  Na^SaOw  * Sf'HiO  pOiVd & Jig 


1490 
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(portions  The  Initial  precipitate  is  brown,  but  rapidly 
! ml.  HCJ  1.  .dd«l  UM  ,k' 

Is  bcAted  for  about  10  minutes  on  the  water  bath  (until 
18  complete).  The  dark-green  solutton  of  ^anium  (IV)  salt 
?s  IsMJly  somewhat  cloudy  became  of  a ha^  of  sulfur  it  is 
filtered  in  the  absence  of  air  and  treated  while  ati  1 warm  (app^, 
fiO??iwith  a saturated  oxalic  add  solutlonr  the  latter  Is  added 
slowlv  faood  stirring).  A heavy,  solid  gray  precipitate  forms  at 
once  It  settles  in  a few  minutes  and,  after  standing  for  one  half 
hour*  exhibits  the  dark-green  color  of  uranium  (IV)  oxalate.  It  is 
washed  5 times  with  lOO-ml,  portions  of  water.  Sulfite  and  oxalate 
should  be  removed  completely  hy  this  operation.  Since  uranium  (rV) 
oxalate  ts  completely  stable  in  air,  it  may  be  air  dried.  The  yield 
Is  almost  quantitative  (5.7  g.}. 


raOEEBTlES; 

Dark-green  mlcroorystals.  stable  in  air  [in  contrast  to  solutions 
of  uranium  (IV)  salts].  May  be  recrystallized  from  warm  cone, 
hydrochloric  acid.  Only  slightly  soluble  in  water  and  dil.  acids. 
Loses  5 moles  of  H^O  at  llO^C.  but  the  sixth  mole  only  at  about 
200  *C. 


V.  Kohlschutter  and  H-  Rossi*  Ber*  dtscb*  chem*  Ges,  34|  1473, 
3630  {1901):  E.  MArchi  in:  L.  E,  Audrieth*  Inorg.  Syntheses, 
VoL  HI,  New  York- Tor  onto- London,  1350,  p*  166* 


Potos^ium  Tetrooxolatouranote  (IV) 

K^fU{CtOi)*l  ‘ S H*0 

U{C.Oj)i-eH,0  2K.CrO.‘H,0  = K.[y(C,0<),)  > S HiO  + 3HjO 


mj^ 


S3S.6 


A slunr  of  6 g-  (0.014  moles}  of  U(CaO^)  * 6 HgO  in  50  mL  of 
, treated  In  the  absence  of  air  with  a solution  of  5 g* 
t A ' H^O  in  20  ml.  of  water  and  allowed  to 

on  a steam  bath  for  one  hour*  It  is  then  filtered  and  the 
nitrate  te  treated  dropwlse  with  200  mi,  of  absolute 
ThPfl*  llght’green  ciy stale  precipitate* 

ethfai*  . A washed  with  absolute  alcohol,  then  with 

emer,  and  dried  over  PaOs. 


J*flOPEBTIES; 


to  Ibe  moDj^wtr^  '*'ater-alcohoImlxtures,  Convert 

i>™™ydrate  by  heating  for  a few  hours  at  200"C* 


f 


r 


1 


I 
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lifft 


REFEBBNCES: 

V,  Kohls  chiltter.  Ber*  dtsch.  chem*  Qe&,  ^ 1472,  2619  (1901); 
E*  Marchl  in;  L-  F,  Audrieth,  InOTg*  Synthieses,  VoL  IQp 
New  Yor k- Tor ontO’ London*  1950,  p,  169* 


Ufciftium  [VJ  Efhoxide 
^(OCA), 

UCU  4NaOC,Hj  = U(OC*Hs),  + 4NaCl 

U(OC,Hj)*  -H  ViBri  = U(OC,Hi),Br 

U(OCtHi)*Br  -h  NaOQHs  - U(OC*H0a  + NaBr 

A sodium  ethoxide  solution  is  pr^spated  from  800  ml*  of  atoo- 
lute  ethanol  and  46  g*  (2  g*-atoms)  of  Na  (use  a 1-liter*  three-neok 
flask).  Toward  the  end  of  the  reaction*  refLuxing  and  good  stirring 
are  needed.  The  solution  is  opoled  to  room  temperature*  Then, 
while  stirring  rapidly,  190  g.  (0,5  moles)  of  fine  UCU  powder  Is 
added  in  portions  of  about  20  g*  (5-minute  intervals).  The  contents 
of  the  flask  are  protected  at  all  times  against  atmospheric  moisture 
hy  means  of  a CaCls  tube.  The  heat  of  reaction  causes  the  alcohol 
to  boil*  and  the  flask  is  therefore  set  in  cold  water*  'Wben  all  the 
UCU  has  been  added  and  the  reaction  subsides*  the  flask  coiitents 
are  refluxed  on  a steam  bath  for  two  hours  (stirring)*  They  are  then 
cooled  to  room  temperature  and  a solution  of  40  g,  (0.5  g, “atoms)  of 
bromine  in  20  ml,  of  dry  benzene  is  added  drop  wise  (rfi^M  stirring) 
over  a period  of  15  minutes*  The  color  changes  from  light  green 
to  brown,  then  gray  and,  toward  the  end  of  the  addition,  dark 
green. 

While  continuing  the  stirring,  a sodium  ethoxide  solution  pre- 
pared from  n,6  g,  (0.5  g,-atoms)  of  Na  in  200  ml.  of  absolute 
alcohol  i$  rapidly  added*  causing  the  color  to  turn  brown*  The 
mixture  is  then  distilled  under  anhydrous  conditions  to  remove  the 
alcohol.  To  achieve  this*  about  one  third  of  the  material  Is  intro- 
duced as  rapidly  as  possible  into  a 500^ml,  Claiseu  flask  and 
alcohol  is  distilled  off  on  an  oil  bath  (good  stirring)*  Then  the 
second  fraction  is  added*  eto.  When  the  mass  becomes  solids 
stirrer  is  removed;  the  flask  is  closed  off  with  a stopper  ahd 
gradually  heated  to  150*C  at  2-3  mm.  The  completely  dry  residue, 
which  contains  NaCl  and  U(OCbHb)s,  Is  now  heated  further  ou  an 
on  bath  at  a vacuum  of  0.001-0.004  mm.  The  uranium  (V)  etho^e 
distillB  at  a bath  temperature  of  about  16D-240*C.  The  yield  nuky 
ss  high  as  217  g*  (94fl{,)* 
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(VJ  ethylatfi* 

pftOPKRTlEBt 

^ , K TiniiM  B D about  123 “C  at  0,001  mm.;  1.7H, 
^deraWv  hlKher  ttoermal  stability  than  VClg-  MlacJble  with 
chlorotor^,  p,rldi»e.  eto.  lMm.dl.tely 

de(?omp<ssed  In  water* 

REFERENCE! 

¥»  G Jone^  E-  BindschadLer,  G-  Karmas,  F.  A,  Yoeman  and  H* 
Cili.  J.  Chem,  Soc.  78,  4287  (1956). 

Uranium  (VI)  Ethaxide 
U(0C.H4). 


U(OCiH3)s  NaOCi^a  = iNalJ(OCiiHs)a 
2NaU(OC;Hj)fl  + {CMiCOWt  = 2U(OCjHj)4  + SCnHiCOONa 

A 500-ml.  three-neck  flask  Is  fitted  With  a gas-tight  gtlrrer  and 
a gas  outlet  tube*  This  flask  is  used  to  prepare  fl  sodium  ethoxlde 
solution  from  3 00  ml- of  absolute  alcohol  and  1h»S9  g*  (0*074  g* -atoms) 
of  Na*  When  all  of  the  Na  is  dissolvedp  the  solution  is  cooled  under 
Na  and  20  ml.  (34  g*,  0*074  moles)  of  uranium  (V)  ethoxide  (see 
above  for  preparation)  Is  added  with  a pipette*  The  brown  color  of 
the  ethoxlde  disappears*  and  a clear,  ll^t-green  solution  of 
NaU{0C3H5)s  is  formed,.  How,  8,90  g,  (0,037  moles)  of  dry  benzoyl 
peroxide  powder  is  added  in  three  equal  portions  at  about  10-minute 
intervals  while  vigorously  stirring.  The  mixture  becomes  warm* 
acquiring  a red  color  and  forming  a gelatinous  precipitate  of 
sodium  benzoate*  After  one  hour  of  additional  stirring  under  Ng* 
half  of  the  material  is  transferred  (still  under  Na)  to  a 250-mL 
Clalsen  flask  fitted  with  a distilling  condenser,  and  the  alcohol  is 
distilled  out  at  atmospheric  pressure  on  a steam  hath*  The  second 
half  is  then  added  and  the  procedure  repeated* 

The  receiver  flask  is  now  heated  on  an  oU  bath  and  the  contents 
^e  subjected  to  a vacuum  distillation.  At  first*  with  the  bath 
t^^ral^e  as  high  as  140*C  and  at  5-10  mm.,  the  last  of  the 
alcohol  is  removed;  the  uranium  {VO  ethoxlde  distills  out  at  the 
temperature  but  at  a high  vacuum  (0*003  mm*).  Yield: 
ij!  ? ^ vacuum  affords  the  pure  product*  Yield; 

16  fi.  (43%)-  The  boiling  point  is  72-74*C  at  0*001  mm, 

•tKWfYK; 

Uranium  (VI)  ethylate. 
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i4tfa 


PEOFfiliTlESi 

Red,  mobile  liquid;  d 1,563,  Monomeric  In  benzene.  Readily 
soluble  benzene t etber,  petroleum  ether,  etc*  Extremely 
tive  to  moisture;  forms  uranyl  hydroxide  when  hydrolyzed,.  Strong 
oxidizing  agent*  Readily  reduced  to  uranium  (V)  etfaoxide,  Sjn- 
proportionatea  with  U (IV)  ethoxlde  acoordlngr 

U(OC,H,),  : U(OC,H,)^  = 2U(0C,HJ, 

HEFEREP^CE: 

R.  G.  Jones,  E,  Bindschadler,  E*  Blume,  G,  Kamas,  G.  A*  Martin, 
J*  R*  Thirtle,  ^ . A*  Yoeman  and  H,  GUman,  J,  Amer,  Chenu 
Soc,  7S,  6030  (1956)* 

Urany)dibenzoy)mothone 

UO.(C,,H,.OJ, 

UOalGITjCOO).  -h  SCiiH^sO,  - UO-(C,,Ht,0^)*  + aCH,COOH 

(2  H.O] 

44S.5  Tie.fl 

M ethanol  ic  solutions  of  uranyl  acetate  and  dlbenzoyhnethaiie 
are  combined  in  the  cold.  An  intense  reddish-yellow  color  appears 
at  once*  and  after  a few  seconds  uranyldlbenzoylmethane  powder 
begins  to  separate:  it  can  be  recrystaUized  from  a large  amount 
of  hot  alcohol.  Other  solvents  may  also  be  used  for  purification; 
however,  one  must  bear  in  mind  that  uranyldlbenzoylmethane forms 
well- crystallized  addition,  compounds  with  almost  all  solvents* 

Used  analytically  for  the  rapid  separation  of  rare  earths  pro- 
duced in  the  fission  of  uranium*  since  these  do  not  form  complexes 
with  dibenzoylmethane  in  the  presence  of  water.  The  uranium  can 
be  rapidly  and  conveniently  separated  by  extraction  (as  the  UDa 
complex)* 

PROPERTIES; 

Orange-red  crystals,  which  change  color  at  about  1B0*C  and 
begin  to  decompose  at  246 Readily  soluble  in  all  ketones  and 
esters  and  in  pyridine;  moderately  soluble  in  ethyl  aicobbl; 
sparingly  soluble  In  ether;  insoluble  in  hydrocarboiiB  such  aa 
benzene,  toluene  and  naphtha.  Stable  to  water,  but  Is  deconqjdsed^ 
by  acids  and  alkalies  (even  by  ammonia)* 

aEEEHENGES! 

H.  Gotte*  Z,  Nftturforsch,  1,  378  (1946)*  Preparation  of  dlhenzoyt- 
methane:  A*  Magnanl  and  S*  M-  McElvain*  Org*  ^nthaeeSj^ 
collective  Vol.  3,  p,  251,  New  York- London,  1555.  : 
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Mangamst 
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Manganese 

Mn 


I.  BY  CLECTflOLYSIS 

Very  pu'®  Mn  may  be  produced  by  electrolysis  under  the  fol- 
lowing conriitioBS;  J 4...  J 

The  electrolysis  Is  performed  with  &node  and  cathode  spaces 
separated  from  each  other,  using  canvas  or  a ceramic  sutastarwe 
as  the  cell  diaphragm.  The  cathode  electrolyte  contains  70  g.  of 
MbSO*  ■ 4HsP  and  200  g.oflNH^JsSOiper  liter,  the  anode  electro- 
lyte 100  g.  of  lNH4)aS04  per  liter.  The  cathode  Is  a polished 
staibleas  steel  sheet!  the  anode  is  a lead  sheet.  The  cathodic 
current  density  Is  0.16  amp./ln.®  and  the  temperature  of  the 
electrolyte  should  not  exceed  40  “C.  The  pH  value  in  the  cathode 
cell  should  be  maintained  between  4.5  and  8.5,  and  the  free  sul- 
furic acid  content  of  the  anode  cell  should  not  exceed  5%.  To  pre- 
vent oxldatlcB.  of  the  catbolyte  and  to  promote  uniform  deposition 
of  Mn,  a small  quantity  of  a saturated  SO^  solution  is  added  from 
time  to  time  to  the  catholyte  so  that  a concentration  of  atxmt  0.1- 
1 g.  of  SOa/liter  is  maintained  In  it. 

The  current  efficiency  Is  about  50-70%.  In  addition  to  impurities, 
the  conteutofwliiclt  is  a function ofthe  purify  of  the  starting  electro- 
lyte, the  metal  contains  up  to  0.02%  S and  some  Hgj  however,  the 
l^ter  can  be  readily  removed  by  beatlrig  in  vacuum.  The  y-Jto 
piwhict  is  silver-gray,  polishes  readily  and  is  stable  in  air.  The 
boundary  layer  in  contact  with  the  cathode  shows  gradual  transition 
to  floe-grained  J3-Mn  and  is  therefore  hard,  If  performed  under 
different  conditions,  tee  electrolysis  will  produce  shiny  layers  of 
metal  which  rapidly  turn  dark  upon  exposure  to  air;  In  this  case 
the  mrtal  should  be  immersed  in  a 5%  NagCrgOT  solution  inmiedi- 
upon  removal  from  the  electrolyte;  this  treatment  passivates 
® pennite  it  to  retain  its  lustrous  surface. 


Td54 
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II.  BY  DISTILLATfON 

Very  pure  Mn  can  be  obtained  by  the  distillation  of  Mh  prepared 
via  the  aluminothcrmic  or  the  electrolytic  methods.  The  rofttai,  in 
ft  sintered  Al^O^  boat,  is  placed  in  a ceramic  tube  closed  at  one 
end.  The  tube  must  be  pretested  for  ^as  tlgfatnesst  and  a vacuum 
of  at  least  0,005  mm.  Hg  ahould  be  established  in  it.  The  tube  Is 
heated  in  a Globar  furnace  to  a temperature  of  1260  to  1350"Cp 
at  ■which  temperature  the  Mn  i^apor  pressure  is  1-2  mm.  The 
distilled  metal  deposits  as  small  needles  on  a tabular 
sleeve  cooled  by  running  cold  water  and  located  In  the  vicinity  of 
the  boat;  the  metal  can  be  loosened  by  slight  tapping.  The  product 
is  extremely  reactive  and  Ignites  upon  exposure  to  air;  all  sub- 
sequent handling  must  therefore  take  place  in  an  Ar  atmosphere 
in  the  absence  of  Oa. 

Manganese  prepared  under  the  same  conditions  but  deposited 
oa  an  unoooled  surface,  e,g.,  an  alumina  rod,  is  less  reactive.  The 
dense,  silvery  scales  of  the  crystalline  metal  are  easily  strlj^ped 
off  and  reduced  to  powder.  This  product  Is  the  a -modification, 
which  is  stable  at  temperatures  below  742 *C, 

PHOPEHTIES: 

Atomic  we%ht  54,93,  M.p.  1212"C,b,p,  21S2“C,  Blectrolytically 
precipitated  Mn:  d 7,2,  crystal  structure  y -Mn,  A 6 type.  Distilled 
Mn;  d 7.44,  crystal  structure  0^  Mn,  A12  type. 

HEFEHENCES; 

I.  n.  Springer.  Die  elektrolytische  Abscheidung  des  Mangans 

[The  Electrolytic  Deposition  of  Manganese],  Akad.  Verlageges,, 

Leipzig,  1951;  S.  M.  Shelton  and  M.  B.  Royer,  Trans.  Electro- 

chem.  Soc.  IJt,  447  (1938),  Chem,  Zentr.  1939.  I,  2284;  L A. 

Mendelev,  S.  I.  Orlova  and  Y.  S.  Shpichinetskiy.  Tsvet.  Metal. 

26,  53  (1941),  Chem.  Zentr.  1942.  11,  2196;  B.  Herrmann.  Aim. 

Physlk  [5]  21,  139  (1934). 

n.  R.  Schenk  and  A.  Kortengraber,  Z.  anoig.  aUg.  Chem.  210, 

273  (1933);  H.  Haraldsen  and  W,  Klemm.  Ibid.  |2fi,  184  (1934); 

M.  L.  V,  Gayler.  Metailwirtschaft  9.  678  (1930);  M.  Picon  and 

J.  Flabaut,  Comptes  Rendus,  Hebd.  Seances  Acad.  Scl.  237. 

669 (1953). 


Mofigoneie  (!!]  Oxide 
MbO 


Mn(NO,).  = MnO,  + 2 NOt;  MnQi  + Ht  ~ MnO  + H.O 


£Sr.O 


7M 


The  oxide  varies  from,  grassy  green  to  light  green  and  may  be 
obtained  from  any  of  the  oxides  (or  other  suitable  satts  dif 


H.  LJJX 


by  ration  with  Ha  at  temperatures  belo;v  120Q-C, 

for  4 hours  at  800“C  with  pure,  o*ygen-^ee  hydrogen; 
ST^ctlon  ra!T?ecames  appreciable  about  450  *C  With  pro- 
heatbur  or  high  temperatures  the  product  turns  an  inoreas- 
l^bTcr^sh  color^  finally  becomes  light  gray;  la  the  presence 
u njo™.  A roluotioo  lempemture  of  8WO  to 
fctSt  fo^  hydrated  oxidesi  MnCOa  must  be  heated  to  lOOO^llOO-C 
for  15-20  Ktkmtes, 


PROPS  BTIES: 

M.p.  1785‘Cr  dIS.lB.  Crystal  structure:  (rock  salt)  type, 

HEFKRENCfiil 

p.  Dubots.  Ann.  Chimie  fll)  5,  432j  for  preparation  by  heating 
MnCOs  or  MnC:(0  4 in  a high  vacuum,  see  M,  LeBlanc  and 

G.  Wehner.  Z.  phys,  Chem.  A 1^,  61  (1&34);  T,  £.  Moore, 
M,  Ellis  and  P,  W.  Selwood.  J,  Amer,  Chem.  Soc.  72,  856 
(1B60);  for  preparation  by  heating  MnCOg  in  flowing  Na,  sea 

H.  Ulich  and  H.  Siemonsen,  Arch,  Hisenhuttenwesen  lA,  27 
(1940);  Z.  Elekttochem.  45,  637(1939), 


Menganeie  |ll]  Hydroxide 
Ma(OH)» 


MnCI,  + 2KOH  = Mn(OH),  + 2KCI 
(■  * M,0) 

197.9  U2.2  B9.0  I4gj 


In  the  method  of  Simon,  a solution  of  360  g.  of  analytically  pure 
TOH  in  SOO  ml.  of  water  in  a round-bottom  flask  (see  Fig.  327)  la 
teated  for  about  one  half  hour  while  a streana  of  completely  Oa“ 
^ passed  through;  a completely  O^-free  solution  of 
S'  “ MnCla  ' 4HsO  in  15  ml.  of  boiled  water  is  then  added 
funnel.  The  mixture  Is  then  heated  to  190-200  *C 
(^rapidly  aa  passible)  on  an  oil  bath  while  H,  is  bubbled  through. 

amorous  precipitate  of  Mn(OK>3  is  completely  dls- 
fh*  is  allowed  te  cool  slowly  on  the  oil  bath^  whereby 

out  as  white  flakes  of  pearly  sheen, 
Ed  la  acMaaV**^  ^ rwm  temperature,  boiled  water  prepurgedwltb 
^ ® dropping  funnel  untU  the  flask  Is  almost  filled; 

then  slphoined  off  by  of  a glass  tube  which 


MANGANESE 


MW 


reaohes  almost  to  the  bottom  of  the  flask  (the  flow  of  Ha  eh<nild 
aot  be  Interrupted  either  during  this  or  the  preceding  opevatlOD)* 
The  glass  tube  is  connected  to  a Pyrex  glass  filter  (oousUidly 
flushed  with  a Hg  stream),  which  In  turn  Is  attached  to  a auetton 
flask;  the  latter  is  connected  to  the  suction  pump  by  way  of  a w&eli 
bottle  containing  a solution  of  CrCla*  The 
addition  of  small  amounts  of  water  (washing 
operation)  to  the  flask  is  repeated  several 
times,  l^e  crystals  are  transferred  Iby 
shaking  the  flask)  to  the  glass  flltert  washed 
on  the  filter,  first  with  a large  quantity  of 
Og-free  water  (a  second  dropping  funnel  Is 
used), then  with  absolute  alcohol  through 
which  Is  bubbled,  and  finally  withperox™ 
ide-free  ether*  The  product^  gtUl  on  the 
glass  filtert  is  then  dried  in  a desiccator 
over  P^Pb  while  maintaining  a high  vacuum. 

This  procedure  gives  a moderate  yield 
of  a we  11- crystallized  product*  Larger 
amounts  of  the  microcrystalline  substance 
are  prepared  more  conveniently  by  the 
method  of  Schoider  and  Kolb  f boiling  with  Fig.  327.  Preparation 
concentrated  sodium  hydroxide  to  which  of  manganese  (II)  hy* 
tNK^OH)Cl  is  added]-  diwdde. 

PHOPEHTIESi 

When  free  of  alkaline  hydroxides  and  amorphous  oomponentB, 
the  dry  product  can  be  kept  In  an  air- filled  desiccator  for  weeks. 
The  crystalline  compound  occurs  in  nature  as  pyrochroite. 

Solubility  (18 ®C)  0,0019  g,/Uter*  d 3*256.  Crystal  structure; 
type  C 6* 

A.  Simon,  Z.  anorg,  allg-  Chem,  232,  3£9  (1937);  T»  £<  Mocre,  M* 
Ellis  and  P*  W.  Seiwood-  J.  Amer.  Chem.  fee*  72,  8S8  (135CI); 
R.  Soholder  and  A»  Kolb-  Z*  anorg,  allg.CheiOi  254,  211  (1951}« 


Mangone^e  (Mt)  Oxide 
}^MqO(OH) 

2 MnSOi  ■ 4 H^O  + H.O,  + 4 NH*  = 2 MnO(OR)  4*  2 + 6 HtO 

4^QA  04-0  ^0  175.9 

The  method  of  Marti  gives  y*MnO(OH)  with  a 
x-ray  pattern.  A solution  oJf  2,2  g,  of  MnSO^  * 4HaP  (10  thtnole^ 


1«SB 


>1,  LUX 


^ ml  Of  wmter  Is  treated  In  a iai«e  beaJter  {very  vigorous 
!L£IiS‘  IgiUtlon)  with  34  ml.  of  a 3%  H^O,  solution  (30 
SSSrrWiSoontiinied  very  vigorous  agitation.  50  ml  of  a 0.2  M 
SS^luUon  (10  mmoles)  is  added  at  once  from  a graduated  cyl- 
The  dark-hrown  or  black  suspension,  which  is  evolving  oxy- 
to  a boll  as  rapidly  as  possible  The  boiling  is 
^Umied  foT^about  4 minutes  and  the  solution  Is  filtered,  washed 
with  1.5  liters  of  hot  water,  and  dried  over  PaOe  in  vacuum  at 

temperatures  below  about  IdO'C.  ; u 

^Careful  dehydration  of  y-MnO(OH)  (vacuum,  050  *C)  yields 
Mn#0,.  v-MnO(OH)  occurs  in  nature  as  mangaaite. 


fUSFERSNCrs- 

W.  Marti.  Uber  die  Oxidation  von  Manganhydroxyd  und  liber  hoher- 
werWge  Oxyde  und  Oxydhydrate  des  Mangans  [The  Oxidation  of 
Manganese  Hydroxide  and  the  Higher  Oxides  and  Hydrated 
Oxides  of  ManganeseJ,  Thesis,  Utdv,  of  Bern.  1944,  p.  83; 
W.  Feitknecht  and  W.  Marti.  Helv.  Chim,  Acta^,  142  (1945)i 
T.  E.  Moore,  M,  Ellis  and  P.  W.  Selwood.  J.  Amer.  Chem. 
Soe.  72,  861  (19S(i}i  P.  Dubois.  Ann.  CMmte  IH]  ^ 434  (1936); 
A.  Simon  and  S.  Fehe'r.  Z.  Electrochem.  137  (1932); 
F.  Kxull<  Z,  anarg.  allg.  Chem.  208,  134  (1932);  L.  Orr. 
J.  Amer.  Chem.  SoC.  TO,  857  (1954). 


Manganese  [iV}  Oxide 
MnO, 

Mn{MO,},  ■ 6HiO  = MnOt  + 2 NO»  + 0 H,0 

2&7.U  88,9 

Tte  starting  Mn(N033  a ■ 6 R jp  is  decomposed  in  air  by  boating 
to  about  190*C;  the  product  is  giound  to  powder,  boiled  with  nitric 
^ (coac.  HMOj  dUuted  1:6)  and  heated  in  air  to  450-500'‘C, 
Tte  x-TOy  pattern  of  the  product  clearly  shows  the  Unes  of  pyro- 
toite  At  atmospheric  pressure,  oxygeTX  hegin^  to  split 

oft  a^ve  530  C in  air,  and  above  565®C  in  oxygen, 

meffeods;  a)  From  MnCl,  and  (NH 4) aS aO  b In  aqueofus 
^ 2.  Elektrochem.  38,  137  (1942)  J. 

aqueous  solutloQ  (A.  Haraer, 
oSSlStedbetow).^'  3.  as  well  as  the  refer- 
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SYNONYM: 

dioxidje^ 

RET’^^HENCES: 

C,  Drubker  and  TL  Hvttner.  Z.  phys*  Chem.  263(192aj;  O, 
Glemser*  Ber,  dtacii*  chem-  Ges.  72 ^ 1879  (1939);  F.  KrttlL^ 
Z-  anorg,  aUg*  Chem.  134  (1932);  w.  Marti*  Theal&, 

Univ.  of  Bern,  1944;  T.  E-  Moore,  M-  Ellis  and  P*  W*  Selwood. 
J.  Amer,  Chem,  Soc.TSi  863(1950);  G*  Butler  and  H,  R-  Tldrek* 
J,  Electrochem,  Soc.  1^,297 (1953); G,  Gattow and  O-  Qlemser, 
Z.  anorg.  allg-  Chem,  309,  131  (1961). 


Mangosese  (Vlt)  Oxide 
MdiOt 

2KMiiO^  + 21UW*  2 KHSO*  -h  Mi^O,  + HiO 

272.3  221,9 

Concentrated  H^SO^  (15  ml-,  d 1,84)  Is  placed  in  a dry  porcel- 
lain  mortar  pre cleaned  with  chromoaulfurlc  aoid:  then  23 g*  of 
KMnO^  is  carefully  added  over  a period  of  10-15  minutes,  vrtiUe 
constantly  stirring  with  a pestle*  To  obtain  the  desired  result^  the 
followii^  precautions  must  be  observed;  only  very  pure  KMhO^ 
crystals,  free  of  dust  and  organic  substances  (preferably  Merck 
A,R.  quality;  do  not  reduce  tbe  crystals  to  powder),  can  be  used* 
The  reaction  slurry  should  te  left  standing  overnight  in  a dry 
spot,  protected  against  dust.  Porous  pyrolusite  Is  formed  during 
this  time,  and  tbe  Mn^7  oil  Is  very  gently  kneaded  out  from  it* 
Proper  safety  measures  must  1m  observed  during  the  preparation 
and  further  workup  of  the  material,  since  it  often  explodes  lor 
no  apparent  reason  (an  asbestos  face  shield  with  safety  glaeaee 
and  heavy  leather  gloves  should  be  worn  and  one  should  work 
behind  heavy  glass  plate  and  a fine  wire  screen) - 

Yield:  10  g-  (62%).  The  product  is  entirely  free  o£k+  and  SO|“* 

SYNONYMS: 

Manganese  heptoxide,  permanganic  acid  anhydride*  ^ 

PnOPERT(ES: 

An  oil  with  green  metalltc  luster  in  reflected  light;  dark  rod 
tn  transmitted  light;  specific  odor*  M-p*  5-9*C;  dj^  2,39$; 
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- 1V9  A kciil  {2ft *c);  dissociation  at  approx.  55*C, 

drtonnil^  at  95*C.  In  vacuum,  rapid  and  explosive  dissociation 
SK^IO'C  Forms  a-MnaOs  during  explosive  decomposition, 
v-ldfiOa  during  alow  dissociation.  Soluble  in  cone.  HaSO*and 
H PO.,^th  an  olive  green  color.  Hygroscopic j dissociates  slowly 
St^d  air  to  MnOa.  liberating  Oa-contalning  and,  oco^ion- 
Sly.  a red  mist  of  HMnO*.  Stable  under  refrigeration  H10"C) 
MO^tded  anhydrous  conditions  are  maintained,  explosively 

^tb  most  organic  compounds;  attacks  acetic  acid,  acetic  anhydride 
and  below  rooiui  temperature*  Dcug^'^ous  cofftpoutid ! 

Tbe  impact  sensitivity  of  Mh^Ot  is  to  that  of  mercuric 

fulnuXoate* 

REF?  PENCES: 

J*  M.  Loven*  Bcr*  dtsch-  chem.  Gee.  35,  Ref,  62 D (1892)'  A,  Simon 
and  F,  Feher,  Z.  Elefctrochem.  38 n 138  (1932);  O*  Glemser 
and  H,  SchriJder.  Z,  BiiiOTg.  altg.  Chem,  221^  294  (1953), 


Sodium  Mon^anatc  (V} 

lVag^fnO^  ■ 0.25  NaOH  12  H*0 

2 KMnOj  + 2 ' 7 H*0  0 NaOH  + 4 H^O 

SW.3  a40.fr  7i.l 

= 2 Na,MnO,  ■ 10  HfO  4-  2 NatSOi  H-  2 KQH 
73S.S  mi  U2.2 

A solution  of  2 g.  of  very  fine  KMnO  4 powder  In  50  ml- of 
2B%  sodium  hydiroxide  is  triturated  in  a small  Erlenmeyer  flaak 
with  3.5  g,  of  finely  divided  KaaSO-j  ^ 7H3O;  the  flask  stands  in 
an  ice  bath.  The  trituration  requires  about  10  minutes,  that  is, 
uniU  a ll^^blue  crystalline  Blurry  is  obtained.  This  is  then 
transported  by  vacuum  onto  an  ice -cooled  glass  filter^  and  the 
product  washed  thorougbly  with  28%  sodium  hydroxide  at  0"C*  The 
^®pfiration  ig  rapidly  spread  in  a thin  layer  on  fresh  Clay 
^ ^ evacuated  desiccator  (no  drying  agent). 

^ has  the  Btoichlometrlo  composition  and  containB,  In  addi- 
fibrtiit/1  j^droseWe,  about  0,4%  SOgj  the  preparative  procedure 

* assigned  to  keep  conUmiftatioa  by  siHcatee  or  alum-' 
maces  to  a minitnum*  ^ 

PBOPERfiES; 

fn  the  form  of  well-orystal- 
-«*w  uxy-Diue  rods,  remains  staWe  at  0"c  if  kept  freeof  HaP 
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COg.  Solubility  ivi  28%  NaOH  at  0*C  Is  equivalent  to 
MngO^.  A solution  of  tbs  salt  In  50%  potassium  tfifiitf 

grassy  green  upon  lieatlng  or  dUution^  simultaneously « HuO^  ia 
precipitated  according  to  tbe  equation; 


2NajMnO^  t = Ni^MoO^  + MpO,  + 4NiOH. 


REFEHENCCS; 

H.  Lux.  Z,  Naturforfichg.  1,  281  (1346^  and  unpuWlshed  work* 
The  preparation  of  the  sulfate-free  product  la  deacribed  by 
H,  Beholder,  Fischer  and  H.  Waterstradt,  Z.  anorg.  alte* 
Chem.  277.  336  (1954). 


Potoaslum  Manganate  (VI) 

K,Ma04 

2 KMna  + 2 KOH  ^ 2 KiI^pO^  + V* O*  + HtO 

aie.l  11E.2  394.2 


A solution  of  30  g.  of  KOH  in  60  ml,  of  water  is  prepared;  10  g. 
of  KMn04  is  added  and  the  mixture  is  boiled  In  an  open  250-mL 
Erlenmeyer  Bask  until  a pure  green  solution  la  obtained*  The  water 
lost  by  evaporation  is  then  replaced  and  the  flask  set  In  ice*  The 
precipitated  black-green  crystals,  which  show  a puipHsh  luster^ 
ate  collected  on  a Pyrex  glass  filter*  washed  suotlon)  with 
some  1 N potassium  hydroxide,  and  dried  over  P^Oh*  The  salt 
be  recrystalliKcd  by  dissolving  in  dll.  potassium  hydroxldo  aiul 
evaporating  In  vacuum* 


PHOFEBTIES! 

Formula  weight  197*1*  Solubility  (20“C)  in  2N  potasalt6*i  liy- 
dioxide  224*7  g*/llter,  In  ION  potassium  hydroxide  3*15 


RJEFEHENCES; 

K,  A.  Jensea  and  W,  Klemm.  Z.  anorg.  ai:^-  Ghem.  432,  47 

R,  LuboML  J.  praW.  Chem.  77,  SIS  (1869).  PicaparBtiOtt  of 
an  especially'  pure,  KOH-free  product  Is  defloribad  -Jb 
Beholder  and  H.  Waterstradt,  Z.  anorg.  aljg*  CheiSl, 


H.  L.UX 


Borium  MoAg®****** 


Ba(MoO,}i 


2KMnC>4  + fia(NO»)i  + Ba{OH). '8H,0 
3161  261,4  SlS-S 

= + V'tOi  + 2KNOj  + 9HiO 

512.S 

SBaMnO,  + 2CO.  - 2BaCO,  + MnO,  + BafMtiO*), 

76S-9  37S.3 


A solution  of  100  g.  of  KMnO*  anti  iQOg.  of  Ba<NOa)a  in  1.5 
liters  of  boiling  water  is  prepared  and  treated  with  20g,  of  Ba(OHla' 
8 H:iO.  The  solution  is  heated  on  a water  bath  with  frequent  agita- 
tion until  the  evolution  of  Og  largely  ceases,  whereupon,  another 
20  g.  of  Ba(OH)a  ■ 8 HaP  is  added  and  the  water  lost  by  evaporation 
replaced.  The  procedure  is  continued  until  the  liquid  becomes 
colorless.  When  the  sparingly  soluble  BaMnO*  settles  out  (to- 
gether with  some  MnOs  and  BaCOaJ,  the  liquid  is  decanted,  the 
precipitate  washed  repeatedly  with  several  liters  of  boiling  water, 
boiled  with  a dilute  solution  of  Ba(OH)a>  and  rewashed  thorou|^y 
with  boiling  water. 

The  precipitate  is  then  suspended  in  1 liter  of  water  and  com- 
pletely decomposed  by  introducing  simultaneously  CO  a and  super- 
heated steam.  This  takes  a few  hours.  The  solution  is  left  to 
setdc;  the  liquor  is  suctton-flltered  through  glass  and  concentrated 
until  the  almost  black  crystals  appear  upon  cooling.  The  yield  Is 
65-80  g,  (80  to  lOO')^  of  theory).  Permanganates  of  aU  types  of 
metals  can  be  prepared  by  reacting  the  BafMaO^ls  with  an  equiv- 
alent quantity  of  sulfate. 


STOOtlYMr 

Barium  permanganate. 


paopEirriES; 

Sparingly  soluble  in  water;  d 3,77, 


SKFESEIICES; 


W,  Ber.  ^oh,chem.Gea.26,1017(1893)j  H.  G.  GriiE 

C.  Petera  and  H.  Wolff.  Z,  anorg,  j^lg,  Chom.  2^f  73  (193 


f4M 


SMv*r  Mongonata  (VII} 

AgMuOf 

KMIlO^  + AgNQ,  = AgMnO*  + XNO^ 

ISfi-O  189.&  2^6.8  10(,1 

A hot  (80"C)  solution  of  6 g.  of  AgNO^  in  100  ml.  of  wat«r  is 
added  to  a hot  t80^C)  solution  of  4.66  g*  of  KMnO^tn  300  mL  of 
kater  to  which  a drop  of  cono,  nitric  acid  has  been  added.  The 
mixture  is  permitted  to  cool.  Since  the  product  atill  contains 
some  K|  it  is  recrystallized  from  water  by  slow  coollt^from  80“C* 

The  blacky  lustrous,  needle-shaped  crystals  teiud  to  decompose 
on  prolonged  storage.  Because  of  its  limited  soiubilityp  this  salt 
is  less  suitable  as  a raw  material  for  other  permanffanates  thftTi 

BatMnOJa- 

SYWOjmrft 

Silver  permanganate, 

FKOPfiHTIES; 

Solubility  (room  temperature)  9 g;,/llter  HgOf  d4.49.  Crystal 
structure:  type  HOa* 

REFERENCE: 

W.  Busaom  and  K,  Herrmann.  Z.  Kristalipgr.  A 74,  459(1930)* 
BaSO*-KMnO*  Solid  Solution 

The  solid  solution  (mixed  crystals),  described  and  escamlned 
in  detail  by  Grimm  and  Wagiier,  Is  prepared  simply  by  mi^dng 
together  solutions  of  Ba(H03)^  and  K^04^  both  containing  a high 
percentage  of  KMnO^  As  an  examplOt  the  following  conditicne 
were  found  to  be  suitable: 

A solution  of  1*31  g.  ( 5 mmoles)  of  Ba(  NO  a)  a and  50  g.  of  OfijO^ 
in  I liter  of  water  is  prepared;  similarly,  0.87  g*  (5  mmoles)  if 
aSO  4 and  50  g,  of  KMnO  4 are  dissolved  In  1 liter  of  water*  Heatt^; 
is  required  in  both  oases*  The  clear  solutions— suotionHEilte^^eii 
through  glass,  if  necessary— are  brought  to  50*C,  added  together, 
and  allowed  to  stand  for  a short  time  at  B0*C-  The  crystals  are 
then  separated  by  suotlon  filtration* 

Washing  the  mixed  crystals  with  acetone  until  the  wash  liquid 
turns  a light  rose  resutts  in  a product  with  a KMnO^  couteiiA  ^ 
^5-30  mole  %;  treatment  with  water,  however,  readily  decoiijj^w^ 


r4S4 


H.  I.UX 


tiM  ervstals  A more  stable  solid  solution,  containiiig  6-8  mole  % 
StfiSlS  obtained  by  washing  with  water  at  50»C.  rmslngwith 

to  Burple  powder  with  solutions  of  SO,  or  other  reducme 
^JEfwithoSrt  rchJSge  in  composition.  The  surface  of  the  com- 
pouod  Is  decomposed  on  prolonged  exposure  to  sunlight  {with  pre*^ 
oipitatioa  of  maiigfluese  oxides). 


Her^RENCES? 

H G Grimm  and  G-  Wftgner-  phys,  Chem-  ^32,  135  (1928)- 
see  also  A.  Benrath  and  H.  Schackmami,  Z.  anorg.  allg, 
Chem,  218,  139  11934). 

Potassium  Maitganeie  [fU|  Chloride 
K,MnCi| 

KMtiOi  S HC!  "T  KCl  — KiMnClj  2 Clj  4 H?0 
153.C?  29LSi  "J.6  ^10.^  141.8  72.1 

In  the  methcxi  of  WeiiHand  and  Diukelacker  the  compound  ie 
prepared  as  follows:  5 g,  of  KMnO^  powder  is  added  ^constant 
shaking}  to  50  nxl,  of  approx*  40%  HCl  (d  1,19).  The  initial  fine* 
brown  precipitate  is  slowly  dissolved  on  frequent  shakings  while 
copious  quantities  of  CI3  are  being  evolved.  The  solution  is  left 
string  for  two  hours,  then  decanted  from  any  black  K^MnCl^ 
that  may  have  precipitated*  and  cone,  aqueous  KCl  is  added 
dropwlse  to  the  deep  dark-red  to  brown  solution  (constant  agita- 
tion) tmtil  the  liquid  becomes  nearly  colorless*  The  crystalline ^ 
brownish  K^MnCl^  precipitate  is  filtered  off  by  suction  and  dried 
over  KOH. 

MFERENCES; 

R,  P,  Weinland  and  p.  DlxOtelacker.  Z..  anorg.  allg.  Chem.  6fi,  173 
CW08),  For  the  hydrate  K,MhCIb  * HaO,  see  C.  E.  Rice.  J. 
Cbcm.  Soc,  <Lottdoa>  73,  260  (1868). 


Potosstum  Hexochloroinottgaeole  jlV] 

KtMnCU 

C»(M^.),  + 19  HC!  + 4KCI  = 2KJrfnCl.  + CtO,  + 8H,0  + 3 Cl, 


277.9 


ms 


3S-B.2 


m.i 


lU.O 


^ Dtnkelackei*.  5.0  g.  of  Ga(MaO*)a 
(coofltaat  agitation)  to  50  ml.  of  40%  hyArooMorlc 


Z^.  MANGANESE 


um 


acid  cooled  with  an  Ice-selt  mixtitre.  A solution  ot  2 g.  of  KCl 
in  8 ml,  of  water  is  added  sinauitaneously  In  dr<^a.  The 
black,  crystalline  precipitate  is  rapidly  separated  by  stutUon 
filtration  and  dried  for  a short  tine  on  a clay  plate  over  cone, 

HgSO** 


PROPERTIES] 

Formula  weight  345.9.  Small,  translucent,  deep  dark-red  orys- 
talsj  liberates  Clg  continuously  even  in  dry  air. 


ItEF£:R£NCE: 

a.  F.  Weinland  and  P.  Dinkelacker.  2.  anorg.  allc.  Chem  SO.  173 

(1808].  ^ 


Mqngcinei«  (It)  Sutfide 
MdS 


CHCEN,  CUBIC 

This  modificattoii,  which  hoR  beqn  thoroughly  studied  by  x-ray 
techniques.  Is  obtained  via  the  method  of  Classeiu 

A boiling  soLution  of  about  10  g,  of  MhCl^  ' 4H5O  In  500  ml, 
of  water  containing  a small  quantity  of  la  reacted  wtth 

an  excels  of  a 50%  solution  and  saturated  at  its  boiling  peint 
with  HaS^  Upon  father  heatingt  the  initial  flesh-colored  MnS 
precipitate  Is  rapidly  converted  to  the  stable  darK-green 
modification.  To  remove  any  coprecipitated  sulitir,  the  sulfide  Is 
boiled  three  times  with  adil*  solution  of  freshly  prepared^  colorieas 
(NH  J3S  and,  sdfter  filtering,  washed  succeesively  with  H^^-con- 
talntng  water,  alcohol  and  ether.  It  Is  dried  in  an  oil-pujaip  vacuum 
at  120^0, 

The  dry  preparation  of  a-MhS(al6handite)  is  described  hy  .H^ 
Baraldsen  and  W.  Klemm,  Z-  anoig*  allg.  Chem,  271  (1936)* 
for  the  synthesis  of  MnSa  (hauerlte),  see  W,  Bilta  andF*Wleoh^ 
Ibid*  271  (1936)*  ' ' 


PJtOPEftTIES; 

5'oritiula  weight  86.99,  M.p.  1610 *Cf  d 3.99,  Crystal  striMdMTfe 
(rock  salt]  type. 


14M 


H.  LUX 


itcr£Jt£NCE£: 


. T>hvs  Chem*  (B)  20*  S9  (1933);  F.  Mehmed  and 

Siite.Ulg.CtaH.. 238,194(1988);  A.  C118HHH. 
Z.  analyt.  Chem- 16,  319(167T). 


js-^hs,  s^:J>.  cnmc 

to  tbft  method  of  scluiaase,  the  y-modification  is 
intToducine  HsS  into  a cold  soMion  of  50  g.  of  MtitCHaCOO)^  • 
aS^to^OO  ml.  of  water.  After  some  time,  most  of  the  sulfide 
setUes  on  the  bottom  as  ft  reddish-brown  precipitate,  while 
another  fraction  adheres  to  the  glass  wall  as  a beautiful,  minium- 
red  scale.  The  precipitate  is  washed  with  KgS-aaturated  water 
(the  preferred  washing  method  is  decantation] , filtered  off  with 
suction  while  HgS  is  being  passed  over  it.  washed  again  with  alcohol 
and  ether,  and  dried  in  an  oil-pump  vacxmm  at  SO'C, 

Crystal  structure:  83  (sphalerite)  type. 


HEFEHENCES: 

H.  Sehnaase.  Z.  phya.  Chem.  (B)  89  (1933);  T,  Mehmed  and 

H.  Haraldsen,  Z,  anorg,  ailg.  Chem.  &3S.  194 ( 19381. 


y\lnS,  HFA  hexagonal 


Sehnaase  prepares  the  >■ -modification  by  first  dissolving  20  g. 
of  analytically  pure  MuClg  * 4H^  and  some  KH4CI  in  500  ml.  of 
boiled  water  tlumugh  which  a stream  of  Oa-free  N,  is  being  bub- 
bled. Then  HjS  is  Introduced  at  the  boiling  temperature  and 
Mh(OH)b  is  precipitated  out  with  a slight  excess  of  concentrated 
NHs  soluti^^.  The  precipitate  is  initially  white,  gradually  turns 
a light  pink  upon  further  oontact  with  HaS,  and  finally  assumes  the 
wlor  of  red  meat,  while  the  sulfide  forming  the  surface  layer  is 
first  orange  yellow  and  later  turns  vermilion  red.  After  settling, 
the  precipitate  is  washed  twice  by  decanting  with  HaS-saturated 
boiled  for  two  days  in  a 10%  MHg  solution  while  HgS  is 
willed  through.  Finally  it  is  washed  by  decanting  several  times 
HaS-sftturated  water,  filtered  off  in  the  absence  of  air  while 
r a Ng  stream,  washed  with  alcohol  and  ether,  and  dried  in 
w oU-ptmp  vacuum  at  S0®C.  Any  coprecipltated  sulfur  Is  removed 
by  with  boiling  CS,  under  nitrogen, 

Ci^fltal  structure:  B4  (wurtzite)  ^pe. 

metastable  red  MnS  modlfica- 

200’C.  The  rate  is  appreciable, 

a'dbnn'inu^f^  ^ modifioatlons  also  differ  from  the 

a*40Tm  111  their  magnetic  behavior. 
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HEFEHENCES: 

H.  SChnaase,  Z.  phys.  Chem,  (B)  89  {1933Js  F,  Mehmed  and 

H.  Haraldaen.  Z,  anorg,  allg.  Cbem,  2M,  194  (1998). 


Mangonese  [Ut)  Sulfote 
Mn,(SO,), 

SKMiia  *-  4H,SO*  =-  Mn,{SO0i  + 1C.SO,  + 4H.O  + 20, 

iifi.i  lys.a  174J4  7^^ 

In  the  method  of  Ztomajige,  the  crystalline  Mn^SOJg  la  pre- 
pared by  introducing  20  g.  of  KMn04  powder  Into  100  ml*  of 
H5SO4  Id  1*84}  contained  in  a porcelain  crucible  (agitation); 
the  mixture  Is  carefully  heated  for  10  mlmites  at  60*0  while 
stirring  vigorously,  whereby  vapors  of  the  explosive  MnaO?  are 
removed*  The  solution  is  then  heated  to  70*C  (or  at  most  to  75*C> 
with  continued  very  vigorous  agitation  and  accurate  tempera- 
ture control  (thermometer).  Vigorous  evolution  of  takes 
place  while  the  liquid  turns  brown  and  becomes  clouded,  with  a 
tendency  for  a spontaneous  rise  in  temperature,  so  that  the 
danger  of  an  explosion  persists*  After  about  15  mincutes,  with 
most  of  the  reaction  completed,  the  danger  of  an  explosion  passes* 
The  mixture  is  now  slowly  (10  minutes)  brought  to  140*C  with 
continued  stirring  and  is  finally  raised  to  200*C  (in  15  minutes). 
Following  slow  cooling,  the  solution  is  washed  twice  by  decant alion 
with  KaSO+  <d  1,84)  to  remove  the  KaSO**  The  product  is  collected 
on  a glass  filter  and  placed  on  a clay  plate*  The  latter  is  placed 
for  three  to  four  days  in  a desiccator  containing  P^Og-  The 
HaSOi  may  be  completely  removed  by  heating  the  preparation^ 
together  with  a receiver  cooled  tO’— 60*C,  for  about  three  hours 
at  20G"C  and  high  vacuum;  the  salt  Itself  does  not  begin  to  de- 
compose until  about  300*C. 

PUOPEflTIES: 

Extremely  hygroscopic  salt  consiatlng  of  smalls  dErk-green 
needles.  Soluble  in  76,25%  wt,  % or  more  HaSO  4 without  altBratloo: 
a brown  salt  of  composition  " H3SO4*  6Ha0  crystallt^S 

cut  from  dilute  (preferabiy  sulfuric  acid  UbbeloMe, 

Chem,  See*  (London)  19^,  1605}-  Sulfuric  acid  in  conceMtaMons 
lower  than  52%  produces  hydrolysia. 

UEFEnEKCE: 

Domange*  Bull*  Soo.  Chim.  France  [5]  4,  5M  (1937), 


H*  UUJt 


«artaon*se  (Ml)  Sulfote 
CsMn(SOi)i ' HiO 


CStSOi  - 2StiU(^H,COO),'2HiO  4 3HifSO* 

0 ..V 

==  aCsMti(SO,)s-12HsO 

Uft.J 


6 CHjCOOH 

ae.o 


m Christenaen-s  method.  5.3  g (0.01  mole)  of ^CK, COO),  . 
is  dissolved  In  sulfuric  acid  (cone.  HaSO+  diluted  1|3), 
starfinc  at  room  temperature.  Then*  a solution  of  3.6  g.  (0.01 
molfeiof  * In  10  ml.  of  sulfuric  add  of  the  same  concentra- 

S is  adde^the  solution  is  first  cooled  to  ^26 in  order  to 
accelerate  the  precipitation  and  then  left  to  stand  for  a long*  tune 
at  — The  alum  crystals  are  filtered  off  with  suction  and 
stored  in  a hermetically  sealed  bottle. 


SVNONTMt 

Cesium  manganese  alum* 

PROfEllTlESi 

Coral-red  crystalline  powder.  Melts  at  40'*C  in  the  water  of 
hydration;  however,  turns  brownish  black  slightly  above  room 
temperature.  The  hydrated  MnaO^  is  precipitated  upon  addition 
of  water.  The  corresponding  B±>  alum  melts  at  room  temperature. 

aEFEHENCEa: 

O.  T.  Chrifltengen,  Z.  anorg.  Chem*  y,  329  (1^01);  H.  Bominer, 
Z.  anoTg.  allg.  Chem.  231  (1941). 


Manganese  Nitride 
M714N 

The  nitride  is  prepared  f romvejyr cacti veaubllmed  manganese* 
The  metal  is  heated  in  an  apparatus  which  permits  the  continuous 
m^ure^nt  of  the  amount  of  used  In  the  reaction,  A com- 
" * y O^^free  nitrogen  is  used,  under  a pregsure  of~l00  mm. 

The  reaction  is  continued  until  a 
cotel^  final  pressure  is  obtained  (12-24  hours). 

m aa  correaponds  quite  exactly  to  the  formula 

SJ  ^ atrongly  ferromag- 

twup  aS2t  6.0  to  6?s4n.  of  the  phase  extends 
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H^FEBENCES: 

U.  Zwicker,  Z.  MetaUtunde  277  (X9S1);  R,  ^dteidc  and  A. 
JKortengrsber,  Z,  anorg.  allg,  Chem.  210,  273  (1933i;  G.  Hy*at 

¥;  «■  E-  cabiHSi 

D,  V.  Keddl  Pantulu,  Proc.  PHys.  Soc.  665  (1936);  aee 
also  H>  Nowotny.  Z*  Blektrochem*  ^9,  245  (1043)* 

For  Mn^Pf  Mn^P«  etc,^  see  W-  BlU^  ajui  F*  WiGchmann*  Z*  awriF 
ailg*  Ctem*  117  (1937).  ^ 


Martgonese  (111)  Acetate 
Ma(CHjCOO),,  Mn(CH,COO),-2HiO 

Mri(CH3COO)j-2HiO 

4Mn(CHjCO0)t*4H,O  -h  KMnO^  ’f  8CH,COOH 
9S.Q  l^.a  AS.0 

- 5Mn{CHsCOO)j-2HiO  + CH,COOK  + 10H,O 
134.0  &.3  16^ 

In  the  method  of  Christensen,  the  salt  is  oMainedinthe  fol- 
lowing manner;  19.6  g-  (80  mmoles)  of  Mi^CHaCOO),  * 
powder  is  added  to  300  ml.  of  glacial  noetic  acid  ai  the  Ixiillqg 
temperature  of  the  latter,  and  is  stirred  until  compLetely  die- 
solved.  Then,  KMn04  powder  (3*1  g,  = 20  mmoles)  is  graduaBy 
added  and  the  mixture  heated  for  a short  time  with  oonetaijt 
agitation.  After  cooling,  3 ml.  of  water  Is  added  to  the  dark- 
brown  solution;  the  mixture  is  allowed  to  stand  overnight.  If  the 
quantity  of  precipitate  is  too  small,  another  3 ml.  <rf  water 
added  and  the  solution  stirred.  The  formation  of  orystaHization 
nuclei  is  promoted  by  frequent  rubbing  of  the  container  walls 
with  a glass  rod.  As  a rule,  copious  crystallisation  occurs  wttbJn 
about  one  hour.  LF  necessary,  the  solutionis  allowed  to  stand  for 
a few  more  days  (frequent  agitation)  until  the  mother  ll<|uO'r  Is 
almost  ooiorless-  The  salt  Is  then  filtered  off  with  suction. 
Washed  with  some  glacial  acetic  acid  and  reciystalllzed*  Th* 
last  procedure  consists  In  dissolving  30  g.  of  salt  In  200^#  of 
glacial  acstic  acid  (heating),  filtering  off  and  workh^  i5^  fiii™er 
in  the  manner  described  above*  Finally,  the  salt  is  dried  - r= 
CaO. 

The  olnnamoii-bio™  cryaUls  of  a aOky  luster  kre  inUHOdiateg  , , 
decomposed  by  cold  water  (hydration)*  ^ 


H.  UUX 


h.  the  coiBpouBd  is  likely  to  be  a complex  salt  with 

ar£  ^oUVw£iig  Struotere:  [Mns{CH3COO).(H,0)3- 

fCHaCOOh  ■ 4 HbO* 


REFKBENCESi 

O T Chftsteiiseii,  Z*  anorg*  Chem*  27,  325  (1901]  j F,  Wein- 
lifld  end  G.  Fischer.  Z.  anorff.  alig.  Chem.  161(1921). 


Me(CHhCOO), 


2Mn(NOi)i’6HiO  + 15{CHiC0)-0 
57J  Jss-o 

- 3Mn(CHjCQO).  4 4NOj  4-  'UO,  + 24CH,COOH 
Afti  i«-l 

ChiAien  and  Varga  obtain  the  salt  from  MnlNOgja  and  acetic 
anhydride.  A mixture  of  20  g.  of  Mn(NOg)a  ■ 6HaO  and  SOg.  of 
acetic  anhydride  is  heated  slightly  (shakii^)  until  the  vigorous, 
etroDgly  exotherniic  reaction  evolving  large  amounts  of  gas  is 
well  under  way.  When  the  reaction  is  completed,  the  hcmcgeneous, 
oily  liquid  ia  cooled;  the  anhydrous  acetate  precipitates  out  as 
a brown,  oiystalltne  powder.  The  latter  is  collected  on  a glass 
filter,  washed  first  with  acetic  anhydride  and  then  with  some 
ether  to  remove  the  odor  of  acetic  acid,  and  stored  in  a closed 
oontaineT  (anhydrous  conditions).  The  yield,  baaed  on  manganese, 
is 

nerEarircE; 

A.  Cbr^ien  and  G.  Varga,  Bull.  Soe.  Chitn.  France  [5]^  2387 
(1936).  ^ 


Poiorsiwm  TrloxoifltQmangqnote  (til) 
KjEMd(C,0,)«}<3H,0 

KMnO,  4-  5H,C,0<  ’2HtO  4-  K.COj  ^ Ki[Mn(C,Oj},l  ■ 3 HtQ  + 12  H,0 

158S  6i».j  138,5 

4-  6COi 

Ericks  prepare  the  ferric  ion-free  compound 
j.—  analytically  pure  KMnO^ 

Presented  above.  A solution  of  31,6  g. 
) of  HaCjj|04  * 2H^O  In  300  ml.  O'f  water  is  heated  i£ 


S3* 


um 

a 500-mL  beater  to  7 0-75 *C;  then,  6.32  g*  (0*W  motea)  ef  KMivG^u 
i3  added  Little  by  little  (conetant  agitation)  aod  aa  sow^U 
the  solution  turns  ColorlesB,  6,9  g.  (0.06  Eoolea)  ofK^ata  W 
troduced  in  a similar  manner.  The  mixture  is  cooled  to 
(frequent  stirring)  and  diluted  vdth  160  mi,  of 

In  all  of  the  following  operations  11^  must  be  eluded  as 
much  aa  possible.  The  oxidation  to  Is  e£(^ed  through  ilie 

gradual  addition  of  1,58  g.  (0,01  mole)  of  KMnO^  powder;  tb^sotu-#^ 
tion  Is  then  stirred  for  about  lo  minutes  at  0 to  2’C,  The  Intense 
oherry-red  liquid  Is  then  suction-filtered  thraugh  a glass  iUtev 
precooled  to  and  is  collected  In  a similarly  cooled  beater^ 
Next,  the  aolution  Is  reacted  with  half  its  volume  of  ioe-cold 
alcohol  and  left  to  crystallUe  for  two  hours  in  an  Ice^salt  mixture* 

The  precipitate  is  collected  on  a precooled  glass  fUtex*  w«3l)«d 
four  times  with  25  ml,  of  50  vol,  % alcohol^  then  with  95%  alcobol, 
absolute  alcohol  and  finally  (three  times)  with  ether;  all  of  the 
wash  liquids  must  be  Ice  cold*  After  filtration  with  sucUon,  the 
deep  Teddlsh-purple  crystals  axe  aprsad  in  a thin  layer  and  e(X“ 
posed  to  air  for  a few  hours ; they  are  stored  in  brown  bottles*  The 
yield  is 

PHCPERTjnS; 

Very  pure  product  can  be  stored  for  a long  time  at  20^C  in  the 
absence  of  air:  stable  for  an  almost  unlimited  time  at  — 
Readily  soluble  in  water:  concentrated  solutions  are  deep  redditeh^ 
brown;  very  dilute  or  acidified  aolutlcns  are  yellowlsh-browrt*: 
The  color  change  is  due  to  the  shift  of  the  instantly  establish^ 
equilibrium: 

MniCPt)^]-*  + + C,0/* 

The  salt  is  a normal  complex* 

REFERENCE; 

G.  H,  Cturtledge  and  W.  P.  Sriclts,  J.  Amer.  Chem.  Soc.  6B, 
2061  (1936}. 


Potassium  Dioxolotodthydroxomongdnolo  (}V} 


KMnO^  + aHjCsO, -2HiO  + '/tKiCiO+  SjO 

iss-0  ma  9*1 


= K,[Mn(C.O(MOH)»l‘gH,0  + aCO,  + 

This  compound,  diacover^. 

pax^  In  a Tnni-mpT  quite  similttr  to  that  of  KatM^CaPJalv 


H.  UUX 


un 

IT  a r tO.U  moles}  of  HaCaO  4 - 2 HsO  is  <JiS9oi™d  in  250  ml.  of 
wtter  t«a  U»  solution  is  cooled  f 

JfSlBO*  powder  jmd  S-  iO***^®  moles}  of  • K^O  are 

^ constant  agitation.  The  mUtare  is  stirred  vigorously 
s^boUt  20  miniitesi  the  temperature  should  rise  gradually  to 
7*C  duriMt  this  time.  As  soon  as  COg  begins  to  evolve  at  this 
tempera^,  the  dark-green  solution  is  rapidly  cooled  to  0*C  in 
as  efficient  cooling  mUcture  (swirling  necessary)  and  is  quickly 
suction-filtered  through  a Biichner  funnel  {filter  paper).  The  fil- 
trate is  tomediately  placed  In  a cooling  mixture  and  reacted 
with  100  ml,  of  alcohol  in  small  portions  at  0 “C;  the  complex  salt 
is  ttms  precipitated  as  a very  fine,  crystalline  powder.  The  latter 
is  rapidly  filtered  off,  washed  successively  with  ice-cold  50% 
alcohol,  95%  alcohol,  absolute  alcohol  and  ether,  and  stored  at  O^C. 

The  salt  can  be  lecrystallized  at  0“C:  the  powder  is  dissolved 
in  25  times  its  volume  of  cold  0.1  M oxalic  acid,  filtered  rapidly  at 
0“C.  the  EolutiOD  diluted  with  1/6  its  volume  of  ice-cold  95%  alcohol 
and  placed  in  a cooling  mixture  for  crystallization.  It  is  best  to 
prepare  the  salt  in  a cold  room,  otherwise  proper  cooliqg  becomes 


FBOPITfiTDSSt 

Green,  crystalline  salt;  not  homogeneoua ; consists  of  green 
and  orange  rods  (probably  the  els  and  trazis  forms).  Rapidly 
decomposed  at  room  temperature  ^ particularly  exposed  to 

lightj  remains  stable  for  a few  weeks  at  — if  light  is  excluded. 
Solutions  are  Initially  green,  but  rapidly  turn  brown  and  became 
clouded;  solutions  containing  some  oxalic  acid  kept  at  0®C  remain 
dear  for  some  time* 


REFEHENCEl 

G,  Cartledge  and  W.  Ericks*  J*  Amer*  Chem,  Soc.  58,  2061 
U936J*  — 


Potassium  Hexacycnornanganote  (Ij 
K*Ma{CN)g 

^ 3^a4^^ntCN)4  + Al  -H  = SNsiMntCN}*  + NaAJ(OH)i 

ifi-o  fits 

3NaiMn(CN),  + 15K^  ^ 3KgMn(CN),  -h  15 

N*  ^ ^ prepared 

with  Na^n(CKj,  . (seep,  1473),  Thus.  iO^Tof  t 


MAJHOANE££ 


salt  dissolved  In  150  tnl*  of  2%  sodittm  hydroxide  ■ 

flask),  the  air  being  kept  out  during  this  operation  hy  A tftirWffHtf 
Ha*  Then,  8 g.  of  A1  granules  is  added  little  UtUe,  but  t^dUO^ 
rapidly  (2  minutes)  i the  sparingly  soluble  Na^MnlMafCNls]  should 
not  precipitate  In  the  process*  After  about  five  minutes  the  Whh- 
tion  becomea  Intensely  yelloiv-brownf  it  Is  then  rapidly  suotUov^ 
filtered  through  a Pyrex  filter  of  small  pore  size*  The  fUtn^  $S 
allowed  to  flow  into  150  ml*  of  & solution  containing  15  g.  of 
KOH  and  30  g.  of  KCN  and  saturated  with  KCL  The  desired  com- 
pound ia  thereby  precipitated  as  a white ^ crystalline  powder,  only 
sparingly  soluble  in  water;  any  Mn^ ‘•‘present  remains  In  solution. 
The  salt  is  separated  by  rapid  filtration  through  a Pyrex  filter 
and  thoroughly  washed,  first  with  200  ml.  of  10%  potaseium  1^ 
droxJde,  then  with  100  mL  of  20%  KCN  aolution,  and  finally  wUli 
about  700  ml,  of  boiled,  ice-cold  water  (until  the  filtrate  Is 
completely  colorless). 


■vr: 


PBOPESTIES: 

The  potassium  salt  obtained  tn  the  above  manner  is  slowly 
oxidized  in  moist  air,  turning  brown.  The  sodium  salt  solution 
is  rapidly  discolored  in  air;  is  liberated  on  1x)Uing  but  thefe 
is  a slow  evolution  even  at  room  temperature* 

REFEHENCESi 

W.  Mancbot  and  H.  Gall.  Ber-  dtsch.  ohem.  Gea.  61, 1136  (1928)* 
Preparation  by  means  of  a sodium  amalgam  Is  described  by 
W,  D.  Treadwell  and  W.  E*  Hatha*  Helv*  CMm,  Acta  35, 
2277  (1952). 


Potoss!um  Hexocyanomooganote  (II) 


K4Mh(CN}|-3IW> 

MnCOj  + 6KCN  -h  3H^  = K,Mn(CN),  ■ 3H^)  + 

114.&  390.6  54.1  illA  15®*! 


A paste  of  20  g.  of  freshly  precipitated  MnCOatacethe 
preparation)  is  placed  In  a flask  from  which  the  air  j 
displaced  with  Na  and  heated  on  a water  bath  to  70-80*0,  A 
tion  of  80  g*  of  KCN  in  100  ml*  of  water  is  added  slowly 
and  the  mixture  Is  maintained  at  this  temperature 
tlonal  half  hour  (occasional  swirling)*  The  small  reSldu^ 
undlssolved  MnCOg  Is  removed  hy  rapid  filtration  of  the 
tion,  air  being  excluded  as  completely  as  possible.  " 

purple  crystals  which  precipitate  from  the  yellow  sokrtlpa'^  c* 
Ing  are  separated  by  suction  filtration,  w^hed  witb 
dried  In  a Ng  stream  at  room  temperature,  ^ ^ 


im 


H.  LVX 


Readily  prepared  from  MhtCKaCO)^  and 
KCN^SfJoahi  compound  Na*Mii(CN)B  18  In  a com* 

SSiy  stouS  manner;  it  Is  more  soluble  than  the  potassium  salt. 


SVWOHYM; 

Potassium  manganese  (HJ  cyanide. 


PnOPERTIESt 


Soluble  without  being  altered  otUy  in  solutions  which  l^ve  a 
KCN  concentration  higher  than  1.5  N;  at  lesser  CN  concen^ations . 
the  greenishKaMn[MntCN)  is  precipitated.  The  crystals  effloresce 
in  with  partial  oxidation- 


HEFfineNCESi 

G*  Gnibe  and  W.  Brauso.  Ber*  dtsch-  Cham,  Ges*  60,  2273  (1927); 
J*  Meyer.  Z*  anorg.  al]g.  Chem-  81,  390  (1913);  P,  Straus. 
Z-  anorg.  Chem*  S,  6 (1895)* 


Potd^^ium  Hexacyonomonganate  (Itl) 

KkMn(CN)t 

MoSOrHiO  + ZNaHCO,  - MnCO,  + Na,SO^  + COi  4*  2H(0 
IfiS.O  im  114.9 

2MnOQi  + 12  KCN  + HjO,  = ZKMa{CN]^  + 2K,COi  + 2KOH 

2aa9  7B1.2  3foa  sse.s  iii.a 


A £reah  precipitate  of  MnCO^  is  prepared  by  slowly  adding  a 
solution  of  50  g*  of  MnSO  ^ ♦ H^p  in  120  ml.  water  to  a solution  of 
75  g,  of  NaHCOg  in  950  mL  of  water  (20® C.  good  stirring;  caution: 
mixture  tends  tq  foam).  The  product  is  filtered  off  with  suc- 
tion, washed  with  a large  amount  of  water,  and,  while  still  wet, 
thoroughly  mixed  with  a noltitiou  of  135  g,  of  KCN  In  270  ml,  of 
water,  producing  a dark-blue  ooMion  of  K Ji3h(CN)6*  Following 

is  added  slowly  and  with 
aolutfon  iG  allowed  to  staind  for  a few  minutes  unitU 
Ite  OTlpr  turns  deep  dark  hrowm  With  sufficient  cooling  no  appre- 
ciate amount  of  Oa  is  evolved. 

^ passed  without  delay  through  a suction 
residues  of  MnOa  and  similar  com^ 
^ crystallize  overnl^t  in  a refrigerator*  TM 
PWdpUaiea  cr3fstalB  (60-70  g..  63-74%  yield  based  on  MnSO^ 


MANGANESE 


are  filtered  off  with  suction,  washed  with  alcdhol  and  d^d 
desiccator.  An  additional  crop  can  he  recOTerad  from  tb^  ^ 

liquor  by  covering  it  carefully  with  a layer  ' 

volume)  of  alcohol  and  allowing  to  stand  for  several  daye.  - 

If  it  is  necessary  tq  recrystallize  the  ealt^  It  Is 
3-10  times  its  volume  of  10%  KCll*  rapidly  heated  oa  a water 
to  46 ■"G  (stirn^),  immediately  suctlou-filtered^  cooled  with  toe 
and  covered  with  alcohol  as  described  atove- 

SVNOrJYM: 


potassium  manganese  (III)  cyanide, 
pKOPEHTTEfi; 

Dark  red“brown  needles;  stable  in  air;  decomposed  by 


forming  hydrated 

KEFEBENCESl 


This  procedure  was  developed  In  (unpublished) 
cooperation  with  E*  Brodkorb;  G*  Grube  and  W. 
dtsch*  chem*  Ges*  2273  (1927);  J,  Meyer*  Z.anoxj^/ 
Chem,  31^  (1913)* 


■*•  - I -•9  ■ 


Rhemum 

O.  GIEMSER 


Rhenium  Metol 

Prepared  by  reduction  of  NH4He04  or  KUaO*  with  Ha. 

I,  F^e  NH*Re04  powder  is  slowly  heated  to  200-250“C  in  very 
pure  Ha  and  held  at  that  temperature  for  three  hours.  The  tem- 
perature is  then  raised  to  500*C  and  the  reduction  completed  at 
1060*C  (She  hours).  The  boats  and  reactor  tubes  should  be  por- 

If  heating  rates  are  too  high,  part  of  the  product  evaparatee 
as  the  oxide  and  deposits  to  fom  a mirror  on  the  cooler  parts  of 
the  tube* 

II*  ICHeO^*  in  a silver  boat*  is  reduced  In  very  pure  at  500^C* 
The  product  is  extracted  with  Hap  containing  a small  amount  of 
HCl^  dried  and  again  reduced  with  Ha  in  a porcelain  boat  at  1000®C- 

PROPERTieS: 

Atomic  weight  186*32.  Cray  metal  powder;  the  solid  has  a 
platinum-Uke  luster*  M*p*  3170*C;  d 20*35;  Brineli  hardness  2S0* 
Readily  soluble  in  nitric  acid  and  slowly  In  sulfuric  acid.  Crystal 
Structure:  A 3 type, 

REFERENCES: 

I.  W.  Biltz  and  G.  A,  Lehrer.  Nachr,  Giitt,  Ges.  1931,  193, 

II,  W,  Bllta.  Z.  Elektrochem.  37,  498  (1H31);  W.Geilmaiiiu  Private 
ooDutmmcatiQn, 


Rhenium  (lit)  Chloride 


ReCI, 


Re  + Vi  Cl,  = ReCl» 

18S.3  I £91,0 


is  placed  in  a.  reactor  consisting  of  a ha 
» we  joined  to  a receiver  manifold  with  seven  bul 
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RHENIUM 


Eealed  The  air  Is  displaced  with  os^gen-'free 
theii  heated  in  a stream  of  Cla*  The  raw  awblimate  is  coUmt^ 
in  the  first  bulb;  It  Is  resubiinied  into  the  second  bidb  ' 

o^^gen-free^  dry  Nj  (the  less  volatile  ReCl  3 remains  In  the  flMt- 
bulb).  The  operation  is  repeated  using  the  next  set  olbulbe,  etcu^.; , 
The  ReCla  fractions  are  then  collected  from  all  the  hulte  ftiel 
resublimed  at  2-3  mm.  aiid  500-550^0. 

ANALYSIS:  ^ 


Oxidatton  to  ReO*^  with  sodium  hydroxide  the 

ion  is  precipitated  as  nitron  hydrogen  peirhenate.  ‘ ^ 


PHOPERTIES: 


Dark  purple -red  crystals,  Bimolecuiar  under  normal  condl- 
tions  (BeBda).  Converted  in  moist  air  to  ReCl*  2HaO  (2-3  hours); 
the  water  of  hydration  is  readily  removed  by  heating  to  100*C  in 
vacuum  over  PaOs^  Soluble  in  water  with  a deep  dark-red  color; 
the  solution  turns  cloudy  after  several  hours  beoause  of  hydrolyala^ 
and  black  BCaOs  * H3O  is  precipitated*  Complete  l^drolysl&otf 
boiling.  Soluble  in  glacial  acetic  acid  and  dloxane  (reddish-puijA^ 
color),  alcohol  and  liquid  ammonia;  slightly  soluble  in  ether,  A 
AgNO^  solution  produces  a precipitate  only  after  lengthy  heating 
with  nitric  acid*  Forms  weli-ctystaillzed  compounds  with  BbCl^ 
CsCl  and  oxganic  bases.  Hexagonal  crystal  structure, 

REFEHENCES; 

W*  Geilmann^  F*  W,  Wrigge  and  W*  Silts*  Nachr^  G5tt*  Ges*  4332, 
582 ; W,  Geilmann  and  F,  W,  Wrigge.  Z*  anorg-  allg*  Chem. 

249  (1933);  O.  W,  Kolling*  Trana*  Kansas  Acad,  ScL  Bg,  S7B 
(1953). 


Rhenium  (V)  Chloride 

ReCU 

Re  + VaCli  = Rea 
isaa  55.0  r aaa.s 

Rhenium  metal  is  placed  In  a boat  which  is  inserted  into 
bard  glass  apparatus  of  Fig*  328*  The  air  is  displaced  by^Oj^froe  j 
nitrogen  and  the  Be  chlorinated  at  600"  C In  a stream  of  ."©la* 
evolving  black-brown  vapors  are  condensed  at  a > as  a 
The  apparatus  Is  sealed  off  at  1,  conneoted^tt  SJiO  4 


2(.  6.  6UEMS6R 


UTS 


c 
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"\J\ 

J ^ 

Fig.  328-  preparation  of  rhenium  (V)  chloride 


evacuated  and  heated  from  20  to  5G“C;  small  tractions  of  the  very 
volatile  ReOCU  (b.p.  323*C)  are  then  condensed  in  d and^-.  The 
St  of  thTneCU  is  driven  Into  h at  150  to  250“C,  the  tube  melt^ 
aesded  at  2:  and  the  substance  sublimed  at  200"C  from  6 to  c, 
leavlBjt  only  a slight  residue  in  b.  Finally,  the  tube  is  melt-sealed 
it  3 ftild  4 and  the  preparation  distributed  (by  shaking)  Into  the 
small  tubes  attached  at  the  latter  are  then  melt-sealed. 


PSOPEHTIES; 

A deep,  black-brown  powder;  dark  brovm  vapor.  Sensitive  to 
air,  sublimation  at  atmospheric  pressure  results  In  decomposition. 
Hydrolyzed  by  water,  forming  various  products.  Soluble  in  hydro- 
chloric acid  (green  solution)  with  liberation  of  Cl 3. 

R^rtR^HiCES' 

W.  Geilmann,  F-  W.  Wrigge  and  W.  Blitz,  At^w.  Chem.  223 
(1933);  Z.  anoi:g.  aUg,  Chem.  212,  244  (1933). 


Pofo&stum  Khenium  (iV)  Chloride 

KillaGli 


He  + 2Ch  + am  K;ReCU 

IB6.2  44JQi  149.1  477.1 


Fine  Be  powder  is  intimately  ground  with  KCl  (10%  excess)  and 
slowly  heat^to  about  300*C  In  a porcelain  boat,  first  under  and 
tten  m a slow  Cla  stream.  The  KgReCle  is  formed  immediatedy 
^ ^ slight  quantity  of  rhenium  chlorides  is  volatilized. 

^ * stream  of  N^,  the  substance  is  dissolved  in 
, ™ recrystallized;  the  remainder  is  obtained 

by  «^Btratlon  and  crystallization  during  cooling. 

acid  B®a‘=tion  of  KReO+with  K1  and  bydrocbiorio 

nm  “ involved  and  It  is  difficult  to  obtain  * 

ETw  fcSnS  ?■  alfg.  Chem.  188  (1933)^ 

Q.  W.  Koiling,  Trans.  Kansas  Acad.  Sci,  56.  3V9  (19^1 . 


RHENtUM 


PAOPEHTIES: 

Yellowish.- green  powder  or  regul^  green  crystale*  Motto 
with  decomposition.  Addition  of  conc4  HaSO«  at  modet^  tenAw 
peratures  produces  HCL  Fair  solubility  in  water*  Solubility  to 
13%  HCl;  21-4  (0"C)j  30.3  tl3"C)  g^/Uter;  in  37%  HClt  3.3(0*C); 
3.7  (10 ^C)  g-/Liter-  dj®  3*34,  Crystal  structure:  type  Jl^* 


aEFEfiEWGE: 

W,  Geilmann.  Private  communication. 


Rhenium  (VJ]  Oxychloride 
BeOCL 

Prepared  via  reaction  of  with 

Rhenium  metal  is  chlorinated  at  GQO^C  in  a atrefttnof  Cl^to 
the  apparatus  described  for  the  preparation  of  ReQ^CL  Pollowtog 
cooling,  the  Cl^  is  displaced  with  Og  and  the  sections  of  the  tube 
in  which  brown-black  crystals  of  KeCl&  have  appeared  are  beated 
with  a small  flame  to  50-70 The  ReCla  melts  (often  with  appear- 
ance of  a flame)  and  the  crystals  turn  into  a brown  liquids  which  to 
then  distilled  in  a stream  of  Ng  into  a well-cooled  U tube  receiver* 
The  excess  Cl  a Is  evaporated^  the  apparatus  filled  with  Og,  and  the 
liquid  brought  to  a gentle  boil-  Heatir®  at  30D*C  hi  an  stream 
is  continued  for  an  hour  in  order  to  completely  remove  all  traces 
of  ReOaCh  Then  about  one  third  of  the  remaining  liquid  to  dis- 
tilled off.  The  receiver  is  now  replaced  by  a fresh  one  and,  except 
for  a small  residue,  the  remaining  liquid  Is  distilled  over. 

Alternate  meth^:  From  EeCla  and  dry  Og  at  HO  to  130*G 
lO-  W.  Kollibg,  Trans-  Kansas  Acad,  Sci,  378  (195311* 


PHCPEHTIES: 

Formula  weight  344,05-  Fibrous  needles;  daJk  craisge  to 
brownish-red  to  thick  layers.  M+p*  29-3 *Ci  b-p.  223*C  (ailgl£ 
decomposition).  Decomposes  at  3Q0*C,  Imme^ately  formBBeOgCl 
on  heating  In  a stream  of  O^,  Hydrolyzed  by  wafer  to  rhenium  fpQ, 
hydroxide  and  HReO*, 


aErEUENCE: 

A,  Brukl  and  K*  Ziegler,  Ber.  dtsch-  cbem*  Gee*  6^*  918  #93^ 


{thanium  Oxyctiloride 
Re0^9 

^twMKd  tiy  reaction  of  RoaO?  (excess)  with  HeClg, 

Two^ats,  one  containing  five  and  the  other  two  parts  of  Be, 
are  placed  in  a high-melting  glass  reactor  tube  in  a manner  auch 
that  beating  of  erne  will  not  raise  the  temperature  of  the  other. 
A U-sbaped  tube  and  two  condensation  traps  are  oonneotedto 
the  reactor  by  means  of  ground-glass  joints  (the  traps  are  cooled 
to  -65  *C  with  alcohol -Dry  Ice),  The  air  in  the  apparatus  is  dis- 
placed with  Os  and  the  first  boat  (the  one  containing  five  parts 
of  Be)  is  heated  In  a alow  stream  of  O a in  auch  a way  that  the 
RegOf  formed  is  deposited  in  the  tube  (the  U tube  must  be  cooled 
to  a low  temperature  during  this  operation).  The  oxygen  is  then 
displaced  with  Cl  3 and  the  second  boat  heated  in  a stream  of  Cl,. 
The  ihenivjn  chlorides  formed  in  this  manner  react  with  the  RfigO, 
and  the  products  of  this  reaction  are  condensed  in  the  U tube.  Any 
cocondensed  Cla  Is  evaporated;  then,  the  ReOgCl  is  distilled 
over  as  the  first  fraction  boiling  above  100"C  (it  is  usually  very 
tight  blue  or  green).  On  repeated  fractionation  in  a stream  of 
Na  the  product  becomes  cotorless. 

Alternate  method;  From  BeOj  and  dry  Cl^  at  i60-l90'’C- 
Ytelds  exceed  70%  [C-  J,  Wolf,  A,  F,  Clifford  and  W.  K.  Johnston, 
J,  Amer,  Chem.  Soo.  79,  4267  (1957)]. 

]P»OrERTIES; 

Formula  Weight  269,63.  Colorless  liquid;  strongly  light  refract- 
ing. M.p.  4.5“C,  b.p.  131  *c  (torr.).  Beads  instantaneously  with 
Hfe.  Ag,  stopcock  grease  and  numerous  other  organic  compounds. 
Soluble  la  CCl*.  ilydrolyaes  to  HBeO^  and  HCI. 

AEFSaENCE! 


A.  Brufcl  and  K.  Ziegler.  Ber,  dtsch.  chem,  Ges.  65,  916(1932), 


RS>eriium  (tV}  Oxide 


HRe^Pi  + 3Re  = tReOt 

Vi*:  SS.&  15a.g 


™ ^^907  is  heated  to  300* 

y amaU^  Evacuated  ^ thick- wall  quartz  tube^  wbiclx 


RHENIUM 


m- 

sealed  by  TneUSng:  the  reactaats  tten  heated  to 

an  additional  day.  The  product  is  orthorhoinblc  BeO 

C.  Heating  of  NH4Re04  in  vacuum  at  500*C  yields  moMdUiu^ 
ReOj  of  the  MoOg  type;  above  500*^0 , orthorhombic  ovidM  A^ 
formed.  r<; 

■ 'A 

PHOPERTIESt  ■ , H *: 


Formula  weight  218*22,  Gray-blaok  powder;  dissociates  in  h 
high  vacmim  at  lOOO'^C  to  Ee  and  Be307*  Beadlly  oxidized  by  0^1 
Insoluble  in  weak  acids » but  dissolved  loy  cone*  halogen  acidSi 
converted  to  HReO*  by  H3P3  and  HNO3.  dl®  11.4.  Heat  of  forma-^ 
tion:  ^70  kcal* 


REf^nENCES: 

I,  W.  BUtz.  Z,  anorg.  allg.  Chem*  2H*  227{193S). 

H.  W,  H*  Zachariasen,  Amer,  Crystallographic  Assoc*  Program 
and  Abstracts  of  Winter  Meeting*  F4(l^&l^;  A.  Magnell,  Aota 
Crystallogr.  (Copenhagen)  9,  1038  (1956). 


RheniuTTi  (VI)  Oxide 


ReOt 


[.  RCnUCTlON  OF  Rcj07  BV  CARBON  MONOXIDE 

RewOt  4 CO  ^ 2ReOj  4-  CO* 

4S4  .4  ^2-4 1.  46^.4  23 A L 

The  apparatus  Is  a glass  tube  sealed  at  one  end;  about  1 g*  of 
BOgO^  is  sublimed  into  it  in  a stream  ofO^.  When  the  teaMlOh 
is  completed,  the  apparatus  is  evacuated  and  filled  with  CO  to  a 
pressure  of  760  mm.  The  glass  tube  is  then  slowly  heatted  to 
175  ""C  in  a glycerol  bath  and  held  at  that  temperature  until  the 
preparation  turns  blue.  The  temperature  is  then  slowly  raised  ' . 
to  225*C  and  later*  when  red  HeOa  is  formed,  to  280*C,  Tb&rpn  ' 
requires  two  to  three  hours.  The  yield  is  quantitative.  . f: 

- '*5' 

H*  BeaGtion  of  ReaO?  With  dioxane  to  torm  a coEGplex  cbmpo^indv'^^1^.^ 
which  dissociates  at  126-145^0  to  BeOa  and  some  volatile  pro- 
ducts. 

The  apparatus  consists  of  a reaction  ftasii;  protected  against  /; 
moisture;  4 mH  of  dioxane  is  rapidly  added  :te  I 
under  anhydrous  oonditloiis  (the  dioxane  shonld  be  predlSSft^  ^ ^ 


|4»2 


GLEHSER 


M»  Hft  asUl}.  Mie  mixture  is  geotiy  beated  on  a water  bath  until 
rSiw,  eolorlMs  solution  is  obtained.  Local  ^erheating  must  be 
a«^ded  aince  « produces  cloudy  solutions  and^  ultimately,  coti- 
products.  The  flask  is  then  placed  in  an  loe  bath  to 
^■e  the  solution.  After  the  freezing,  the  frozen  suhstanee 
Is  allowed  to  melt.  The  ResOi^-ciloxane  complex  crystallizes 
In  the  form  of  a dense,  pearly-gray  precipitate;  the  exoees 
becomes  liquid.  The  freezing-melting  operation  is  then 
repeated,  the  eimess  of  dioxane  decanted,  and  the  compound 
dried  in'  a Tacuum  desiccator  at  room  temperature  over  cone. 

The  dry  complex  is  rapidly  placed  in  a crucible  aM 
oai«Ailiy  heated  on  a hot  pJate  (125  to  145®C).  The  subetaace  is 
melted,  forming  a colorless  to  bluish-green  liquid,  which  later 
dissociates  to  red  and  some  volatile.  Re-free  products.  The 
ReOj  thus  formed  is  pure.  The  yield  is  about  96%, 


pfiOPEmtES: 

Formula  weight  234.22.  Red  powder*  During  reduction  of 
the  preparation  passes  through  intermediate  stages  with 
huS3  rangiog  from  green  to  dark  blue  (rhenium  blue)  until  the 
final  red  color  is  obtained.  Decomposed  in  high  vacuum  at  400 *C 
to  ItegO?  and  BfiOa.  Not  attacked  by  bet  hydrochloric  acid,  but 
converted  to  HReO^  by  strong  UNO  a-  Diaproportionates  in  warm 
NaOH  to  ReOs  and  NaBe04;  NaOH  + HgOa  instantaneously  produce 
WaBeO*,  heat  offormationi  “146,0  kcal-  Crystal  structure: 

DOflIype. 


REFER]fNCES^ 

L A*  D,  Melayen,  J.  N.  Fewie^  W,  Brickel  and  C,  F.  Hiskey  In: 
L*  F-  Audrieth,  hiorg,  S3mtheses,  Vol,  nif  New  York- Toronto - 
London,  1950,  p.  187, 

n.  ^ Nechamkin  and  C*  P,  Riskey,  Ibid.,  p,  XQ6;  H*  Nechamkin, 
^ Amer*  Chem.  Soc*  73,  282fl 


RKsnivm  (VU)  Oxide 

RciO, 


+ ViOt  ^ Be|0| 
372.4  7S.4J.  4844 


If  tu^  ^ “ comtouBtion  tube  to  which 

r the  latter  is  attached  to  a condensation  trap*?' 


RHENIUM 


Both  ends  of  the  tube  are  protected  against  humidity 
containing  CaClg  and  cone,  HaSO^  The  liaenlum  metal  la 
in  a porcelain  boat  situated  in  the  front  section  ofthetHh*, 
is  heated  to  ISO^C  while  a very  fast  stream  of  oxygen  is  . 

over  the  metal.  Crystals  of  He^7  deposit  In  the  fEGnt  seoHd^^ 
the  tube  and  in  the  condenser  tube  {there  is  viitually  ho 
mist) : if  the  starting  Re  is  not  entirely  alkali-free,  some  KlfflfOj 
will  remain  in  the  boat.  The  should  be  resubllmed 

stream  of  O^.  *■ 

The  compound  is  used  in  the  preparation  of  HReO^,  of  the  lbvn» 
oxides  and  of  very  pure  Re  (reduction  with  Ha). 

'■ii 

FHOPERriES: 

Bright-yellow  crystalliEia  powder*  M,p,  30l*5*Cpb*p^ 

6*103^  heat  of  formation;— 295, &kcaL  Extremely  hygrosooplCf 
Readily  soluble  in  forming  HRe04:  soluble  In  aloohol;  sp»r 
ingly  soluble  in  ether.  Stored  in  melt- sealed  glass  tubes*  lUMWfcdo 
crystals. 

nEFE£{£NC£S; 

W.  Geilmonn,  Private  communication;  W-  A.  Both  and  C,  Becker* 
Z.  phys,  Chem*  1^*  29  tl932);  K-WUhelmi,  Acta  Chem.  SCand, 
S,  693  11954)* 


Sodium  Rhenote  (LV) 

NaiReOg 

ReO*  + 2 NaOH  = Ka*Rd3,  + H|0 
215,2  50,0  2S02 

The  apparatus  is  shown  in  Fig*  329*  A gold  crucible  c is  Intro- 
duced into  the  quartz  e^parntus  through  opening  e and  placed  lb 


Fig,  329*  Preparation  of  sodium  rhenate  (IV}*  'J# 
orucible-shaped  attachment;  c gold  oruclblej-  ^ 
inovable  gold  shield  (aplash 


26.  G.  GLCMSER 


m* 

-***^w^«*  b;  a stream  of  oxygen-free  N,  is  passed  from  /i  to 
. A««tt»rou^  flushing  with  Na^  10  ff.  of  very  pore  and  dry 
HttOK  la  inirodueed  (through  f J 

touad  to  S00*C  and  4 g.  of  dry  ReOa  added  by  shaking  to  the  melt. 
TSTReO*  dissolves,  the  melt  turns  reddish-brown,  and  water 
Tuior  escapes  through  /.  Alter  the  reaction  is  completed,  the 
hM^r  is  removed  and  attachment  b cooled  with  ice  water;  this 
^Is  the  soUdified  melt  off  the  crucible  walls.  The  fused  mate- 
rs contains  (clearly  separated)  an  upper  layer  of  NaOH  and  a 
lower  stratum  of  the  brown  rhenate.  The  fused  cake  is  gently 
crushed,  leached  with  deaerated  Ice  water,  decanted,  filtered  iij 
the  absence  of  air,  washed  with  alcohol  and  dried,  again  in  the 
absence  of  air.  The  filtering  and  drying  device  shown  in  Fig.  52. 
p.  74,  Is  handy  in  this  operation. 

Alternate  method:  Fusion  of  BeOa  with  NaOH  [W.  Geilmann, 
F.  W.Wrlgge  andW,  Bilts,  Z.  anorg,  allg.  Chem.  233{1933)J, 


EVXOS'YM; 

Sodium  rhenlte. 


raoPEariES; 

Brown  powder.  On  heating  in  air,  converts  to  the  yellow  per- 
ihenate.  Insoluble  in  HaO  and  in  bases;  soluble  in  cone,  hydro- 
chloric acid,  converting  to  the  green  H^ReCIg. 

RereacncS; 

!.  andW.  Noddack.  Z,  anorg,  altg.  Chem.  2^,  134  (1933). 


Arntnomurn  Perrhenate 


NH,BeO| 


RtiO,  2NK.  + ifaO  = aNKiBeO, 


181.4 


53S.S 


some  water  is  prepared,  excess  8 
placed  Oh  aSSe^te^*  solution  evaporated  in  a platinum  cruci 

rTIf !”mi sulfides,  oxides  or  rhenium  m< 

wttfc  * is  evaporated  and  dlln 

P«We  pure  rWSS  SIX*'  * May  be  used 


Rh^mium 


PROPEHTIES; 


Thick,  whltfe,  teacagonal  crystals.  Dlsaociates  iti  al7 
200"C  to  form  NHa,  and  Be^7,  Solubility:  2.9  (0*Cl*  6 i 

^20’Cr,  32  (80"0)  B.  cl  Mt/100  J.  B.O;  d 3.63.  C^i 

reference. 

L and  W.  Noddack*  2.  anorg,  allg,  Chem,  181,  23  {1929), 


Barium  Parrhinote 


BaCReOf)* 


An  a^eous  solution  of  RegO?  {=  HHoO^)  is  neutralised  exactly 
with  baryta,  water^  using  neutral  red  afi  the  Indicator-  The  residue 
is  dried,  and  the  ’water-containiug  salt  ie  converted  to  anhydious 
Ba(ReO-^i  In  vacuum  or  by  heating  to  120®C* 

PHOPEHTIESt 

Formula  weight  637-80,  Colorless  columns  or  rhomboids.  Solu- 
bility; 1,8  (O^'C);  5.3  (20''C);  47  t70'*C)  g-  of  salt/100  g* 
Solubility  in  alcctel:  2,4  g/llter  of  solution  at 

REFEREMCESj 

1-  and  W,  Noddack,  Z.  anorg,  allg,  Cbem.  181  ^ 25  {1929);  W,  Lefwino, 
Thesis,  TJnlv*  of  Hamburg,  1932. 


Barjum  Rhenoto  (VI) 


BaBeOj 


Prepared  by  reducing  Ba(Re04)3  with  ReO^  andKaOH  In  a 
The  apparatus  is  the  same  as  that  used  m the  prej^axathM^  6i^  ■ . 
NaaHeOa  {Fig.  329).  Sodium  hydroxide  {20  g.)  is  fus^  iii  oiuo^te^  : 
c under  a stream  of  Na;  then*  8-00  g-  o4  Ba(He04)a  l8  ^ 

lowed  by  2.00  g.  of  ReO*.  The  melt  Is  heated  to  &00*C  and 
that  temperature  for  one  hour^r  It  is  then  cooled  to  300^C  and  held 
it  that  temperature  for  one  hour.  The  heater  is  then  removed  ejwi 
attachment  b cooled  with  Ice  water*  The  melt  cake  is  brok^E^up  ^ 
and  treated  with  96%  alcohol  at  0*Ci  this  ioosene^ fee 
NaReo^  In  the  melt:  the  tonner  reacte  wl& 

Ba(Ri0O4)  a to  form  NaSeO*  and  Ba(OH)ai  the  latter  remains  m 


t4M 


36.  G.  GLEMSER 


i 


FMldub.  The  product  Is  filtered,  using  the  device  shown  In  Ftg.  B2, 
pTrlend^bed  with  some  alcohol.  It  contains  some  NaOH  and 

B*(QH)a. 

AltALTSlS: 

The  compound  la  dlsproportionated  In  aoetlc  acid  The  leiLched- 
«it  ivm^tion  is  filtered  off  and  precipitated  with  nitron;  the 
R?  fSctlon  is  oxidized  to  Re  (VII)  and  also  precipitated  with 

nitron. 


PHOPEHTffS] 

Formula  weight  387.58,  Foliage -green  powder;  readily  dissoci- 
ated. Slowly  turns  black  In  vacuum  and  white  in  air  (formation  of 
Beo'*"),  Instantaneously  dissociated  by  water,  acids  and  bases. 
The  presence  of  a slight  amount  of  free  NaOH  is  required  for 
stability. 

MFEftEWCE: 

1.  flndW.  Noddack.  Z-  anorg.  allg-  Chem,  143(1933). 


Rhentum  (IV)  Sulfido 
RcSf 

I.  Re  as  = ReSi 

iaa.s  64.1 

BhejvLum  and  a’ulfur  are  mixed  in  stoichiometric  proportions 
and  heated  for  18  hovira  in  an  evacuated,  sealed  small  quarts 
tube  at  980-1000“C, 


H*  Hydrogen  sulfide  is  used  to  precipitate  Be^S?  from  a hydro- 
cblnrlc  aold  solution j the  precipitate  Is  filtered  off  with  suction 
and  waahed  with  water  and  briefly  with  acetone.  It  le  dried  In  a 
q^rti  or  hard  glass  tube  sealed  at  one  end*  It  is  then  heated  In 
hi;^  vacuum  to  until  no  further  S sublimes  out.  The  result  ( 

is  I^a  only  slightly  contaminated  with  sulfur. 

Alt^te  method:  Heating  of  Re  in  a stream  of  to  T&& 

[H*  V.  A,  Briscoe,  P,  C.  Bohinson  and  E.  M.  Stoddart,  J- 
Ciiem.  Soc-  (Loudon)  1931,  1441]. 


r«OPlRTIE3: 

seldom  recognizable);  somewhat 
*^i:  attacVcB  quartz  at  1000"C.  No  appKxJi"; 

eovtdiUJty  In  bases,  alkaline  sulfides,  hydrocblorlc  and 


acids-  Converted  by  oxidizing  agents  to  HRe04*  dj*  7^6016; 
formation:  -'70*5  kcal.  Crystal  structure:  C7  type« 


REFERENCE'S; 

1.  R*  Juza  and  W.  BUU.  2,  EleKtrochom,  32*  499  (1931)* 

H.  W.  GeUmami  and  G,  Lange.  2.  analyt.  Chem.  IM*  321  {19S3), 


- 


Rhemum  [Vtl}  Sut(ide 

R^iSf 

2KReO|  H-  7H,S  -h  2 HCi  - Rc.St  -t  2Ka  + SH^ 

57&.e  155,0 1.  7i9 

A solution  of  KHeO  4,  containing  30  ml*  of  bydroohloriQ  acid 
per  100  ml*  of  solution^  is  saturated  for  four  hours  with  HgS*  The 
precipitated  sulfide  is  washed  with  H^S-saturated,  3%  BCl  water* 
The  product  is  filtered  in  the  absence  of  air^  washed  and  then 
dried^  first  in  a high  vacuum  for  two  houra  at  140®C  and  them  in 
high  vacuum  over  freshly  prepared  PaPe  (60  hours  at  165-170*0), 

Alternate  method:  Precipitation  with  compreeeed  HaS  from  a 
solution  of  KRe0  4 in  hydrochloric  acid;  there  is  no  need  for  the 
high  HCI  concentration  in  this  case.  The  workup  is  similar  to 
that  described  above  {W#  Geiimann,  Z*  analyL  Cbemt  126|  321 
(1943)]. 

PHOPEBTIE&: 

Black*  readily  oxidised  powder*  Dlsaociatloa  to  EeS^  and  S 
begins  at  250  "C*  Insoluble  in  hydrochloric  and  sulforlc  acids  in 
the  absence  of  air;  oxidized  by  nitric  add  or  Hgp^pluB  a.bas^ 
to  HRe0  4*  4*866*  . : 


REFERENCE: 

' ' . " ' f- 

W.  Blitz  and  F.  Weibk©,  Z.  anoiy.  allg,  Chem. 

■■■■  , 


Bofiuin  Me^operrhenota 

Prepared  hy  iaslott  of  BatBeO^Ja 
is  the  same  ae  iiBed  lo  the'  preparation  of  NaiaIteG3 


I 


^;leM3ep 


CnnlUs  Is  usea  to  fuse  3 g.  of  with  5 g of  car- 

to*S2S?  NftOH  under  « stream  of  COa-free  air.  hot  melt 
!T£d  Sri  cloudy  After  cooling,  it  is  crushed,  leached  with  90% 
5el£l^  remOTe  the  excess  NaOK  and  the  NaReO^  formed  In 
SrSicess.  then  filtered,  again  washed  with  alcohol  and  dried 

with  suction. 


ANALTSlSr 

The  sail  is  decomposed  with  COa-free  water;  the  Ba  is  pre- 
cipitated as  BaSO*  and  the  Re0.t-  as  nitron  hydrogen  perrhenate. 


PHOPEflTtESi 

formula  weight  944.52,  Small,  lemon-yellow  hexagonal  tablets 
flnd  columns.  Tarns  red  upon  heating  to  eoO^’C^  returns  to  yellow 
on  cooling.  Stable  in  dry  air.  The  wet  salt  Is  decomposed  by  COj 
into  BaCOs  and  BatReO^Jg* 


HEFEPENCE: 

L and  W.  Noddack,  Z,  anorg,  Chem,  146  (1933), 


Workup  of  Rhanlum  Residues 


Precipitates  of  nitron  hydrogen  perrhenate  from  analyses  of 
rhenium  are  oolZeoted  and  stored  separately  from  rhenium  solu- 
tions. 


Workup  of  nitron  precipitates:  The  nxaterial  is  carefully  de- 
composed in  a stream  of  Hg,  the  products  washed  and  oxidized  to 
Be ^7*  and  the  latter  dissolved  in  H^JC>  and  concentrated  in  the 
presence  of  KOH  or  ammonia.  The  KReO^,  or  NH*ReO+  obtained  In 
this  mazmer  can  be  used  without  further  purification. 

Workup  of  various  solutions;  To  avoid  unneceBsaiy  contamlna^ 
tim  of  the  air  with  f^e^  the  solution  is  neutralized  and  concentrated 

Itle  thenoooledand  acidified  with  hydro- 
Clu^ic  acid  and  the  He  precipitated  under  pressure  as  Re  ^7.  The 
dissolved  in  KOH  + HaO^,  and  the  KReOi  1b 
allowed  to  oiysUUlze  out,  if  the  KHeQ*  is  still  not  sufficiently 
pmt  it  Is  reduced  with  Ha  and  oxidized  with  Oa  to  Hea07»  and  the 

Utter  Is  used  to  obtah.  Rb  or  the  perrhenate. 

icmui^  ^ removed,  the  procedure  la  as  foh' 

precMtate  ie  dlsBolved  in  KOH  + and  the  traces  of 


RHCMIUM 


are  removed  extraction  of  the  neutral  solution  with 
quinoline  or  chloroform*  Following  repeated  preoipltatlofi 
pressure  as  EoaS?,  the  product  is  dissolved  in  + 
crystalliised  as  KHeO*.  The  KEe04  is  recrystalUsed  fponi  tetT  ^ ^ 
water* 


- ,v> 


T J '.K 


Esmm 

Iron 

H,  LUX 


Metollic  Iron 


ElXCTIlOLV  nC  IRON 

The  followine  conditions  are  suitable  for  the  preparation  of 
Tcrv  pure  electrolytic  iron:  each  liter  of  electrolyte  contains 
9b^  fiOO  g.  of  very  pure  FeClg  . 4HaO  (Fe  less  than 

0 OSfltii  sulfate-free)  and  1. 5-2.0  g.  of  AlClg  * OH^O  or  0.1  g.  of 
CrCla  ^ 6H3D.  The  concentration  of  free  HCl  is  0.01«-0*02  and 
th*  temperature  is  90^C  or  higher.  The  anode  is  made  of  the  purest 
Iron  possiblSp  and  is  wrapped  in  an  asbestos  b-ag*  A sheet  of  vaH’- 
adlum  steel  serves  as  the  cathode.  The  nature  of  catho^  pre- 
treatment  is  important  if  the  deposit  of  eleotrolytic  iron  is  to  he 
easily  stripped  off.  The  steel  sheet  is  first  polished  to  a high 
luster,  degreased  by  beic^g  used  as  a cathode  in  an  alkaline  KCN 
bath,  rinsed  with  water,  and  after  being  Gonnected  to  the  electrical 
circuit,  placed  in  a FeClj  bath.  The  oathodic  density  is  0^65-1^0 
amp,/in?;  if  the  operation  is  of  long  duration  or  proceeds  at  still 
higher  current  densities  (up  to  2 amp./  in?},  the  electrolyte  must 
be  continuously  taken  out  of  the  bath,  filtered,  retreated,  the  HCl 
content  adjusted  to  the  one  indicated  above,  and  recycled  to  the 
bath. 

The  relatively  soft  a “Iron  deposited  contains  Hg  but  no  Alor 
Cr*  TIse  Hg  may  he  completely  removed  by  baking  in  vacuum  at 
950**C.  Electrolytic  iron  is  free  of  C or  Si,  and  of  other  metals  if 
the  electrolyte  iteelf  is  pure. 

PKOPEJmES' 

M.p.  1535’C,  b.p.  2730^0;  d 7.36-  Crystal  structure  of  O! -F©- 
A2  type. 


R£FEAC»C£S; 

C.  A-  Uoore.  J.  Metals  &,  1443  11953);  F,  Muller-  Z,  Elektrochem. 
47,  13S  11941);  F,  Halla.  Korrogion  und  Metallschutz  ISf 
(1939), 
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' '.V’TSi- 


SFe(OH),  -i-  31^,  = aPe  “h  6HtO 
67.2  L ilL7  IW,: 

-j 

It  is  best  to  start  from  very  pure  Fo(OH}a;  this  is  lurepaxcd  Iff 
adding  a FeiNCa^s  solution  to  aqueous  NKs  and  drying  the  pre- 
cipitate at  65‘C.  The  product,  finely  ground,  is  placed  loa  an 
aluminum  or  Pt  boat  (with  Pt  foil  insert)  and  reduced  in  a stream 
of  Hs  S3  the  temperature  is  slowly  raised.  If  the  reduotton  tem- 
perature is  lower  than  550’C,  the  iron  product  is  pyrophoric. 
As  a rule,  the  temperature  is  raised  slowly  from  400  to  700*C 
(with  20  g.  of  FeaOs,  this  requires  about  40  min.)  and  then  held 
constant  (about  20  min.)  until  further  KaO  is  pr^uced.  If  less 
reactive  starting  materials  (e.g.,  Fe^Oa  prepared  from  thenitraite) 
are  used,  it  may  be  necessary  to  beat  to  higher  temperatures 
(1050-1100'’C}  and  for  much  longer  times  (60  hours  or  more)  to 
insure  complete  reduction.  The  preparations  are  cooled  In  Ha) 
their  hydrogen  content  is  minimal, 

KEFESEKCea; 

R.  Fricke  and  L.  Kleuk.  Z.  Elektrochem.  4J,  617  (1935);  R,  Frlcke) 

O.  Lohrmajrn  and  W.  Wolf,  Z.  phys.  Chem.  60  (1937); 

P.  M.  Savelevlch,  Trudy  Inst,  Chlst,  Khim.  Heaktivov,  No,  15, 
51  (1937);  abstract  in  Chem.  Zentr.  1939.  i,45B3;  G.  P,  Baxter 
and  C.  R.  Hoover.  Z,  anorg,  altg.  Chem.  80,  211  (1913). 

VCRY  PURE  IRON: 

O.  Hotiigschmid,  I>,  Blrckenbach  and  R,  Zeiss.  Ber,  dtsch,  chem, 
Ges.  M.  1473  (1923);  T.  W.  Richards  and  G.  P.  Baxter.  Z. 
anorg.  Chem.  247  (1900);  also  A.  Gatterer.  Commentations 
Pontific,  Acad.  Sci,  1,  77  (1937);  abstract  in  Chem.  Zentr. 
1938.  1,  174S;  A,  Gatterer  and  J,  Junkes.  S^cola  astronomii 
Vaticana  Comun,  No.  6 (1938);  abstract  in  Chem.  Zentr. 
1938.  II,  2243;  J.  Talbot,  P.  Albert,  M.  Caron  and  G.  Cbaudron; 
Rev.  Met.  50.  817  (1953) . 


Iron  t*l)  Chloride  : 

FeCIi 

Fe  + Vs  Cl,  = FeCl,;  FeCl,  + V*H,  = FeCU  + HCl 
ss.a  si.ef.  issa  uxJ.  isftS  s&s  ^ 

The  starting  anhydrous  FeCls  is  prepared  Fe  ap^/C^ 

The  Clg  is  then  displaced  by  means  of  a stream  of , very 
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nui^  is  immediately  introduced.  The  re^ 
SSS£?iSoc2i  mpW  at  3d0-350*C.  It  is  advisable  to  spread 
SfTlW^  « tube  placed  in  a long  electric  furnace  and  to  heat 
1 f°  hv  aertlon.  la  the  Hj  stream.  Partly  unconverted 

iSSTsSSSLVSii.  30O^C,  While  above  350^Cthe 

Puf^i  lAnds  to  be  reduced  too  far  {to  Fe), 

of  FeCl,  from  Fe  and  HCl  is  less  satisfactory 

because  of  the  higher  temperatures  required. 


^fTKOMrVMS: 


F6T*rous  chloride  i Iron  dichlorido, 

PROPEflTlES: 

White  hygroscopic  powder;  can  be  resubUmed  in  a stream  of 
HCl  at  about  700"C*  M*p.  674'^C,  b,p,  1023*C;  d (25“)  3.162, 
Vapor  pressure  at  TOfl^C;  12  mm.  Readily  soluble  in  water  and  ai- 
coho].  Crystal  structure:  C 19  type. 

aEFERENCESi 

H,  Wolfram.  Thesis,  Techn.  Hochschule  Dresden^  1913;  W.  Kai^ro 
and  E.  Petersen.  Z,  anorg,  allg.  Chem*  2^,  157(1930}. 


Iron  1111}  Chtoride 


FeCl, 

aFe  + 3CI;  = 
lll-’T  67.2  i 


2 FeClj 

324,4 


A stream  of  Cl^  is  very  thoroughly  dried  over  Cone . HaSO^ 
and  PsOa,  and  is  then  liquefied  by  passage  through  a U tube 
cooled  with  Dry  ice-acetone  mixture  to  about  — 40*C,  The  bath 
temperature  is  then  raised  to  — 34*1*C;  pure  Cla  volatilizes 
out.  R passes  into  a very  dry  Pyrex  tube  containiTig  the  purest 
possible  iron  wire  (about  0.2  mm*  in  diameter).  The  reaction 
takes  place  at  250-400''C;  an  excess  of  Cla  Should  always  be 
^ always  bubble  out  from  the  HaSOx-contalning 

terminates  the  reactor  train.  To  avoid  plugging 
iT  furnace  (or  the  aluminum  heatitig  block) 

create^*^  shifted,  no  that  a fresh  condensation  zone  may  be 

^ the  preparation  should  be  resub- 

MM  in  a stream  of  Cl^  at  about  220*C  (the  temperature  should 
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not  exca^  300X).  AU  of  tl^  Cl^  l3  tbeo  diBjplaeeil  f»i9 
apparatus  with  very  dry  (or  atr)t  ajid  thft  picodtict  la  tranafefx^ 
(under  Ng)  lo  storage  vessels*  which  are  then  tightly  sealed^ 


SVTiOWYMSj 


Ferric  chloride;  Iron  trichloride* 


PHOPeBTCES: 

Formula  weight  162*2*  Leaflets  with  a somewhat  greenieh 
metallic  luster.  Extremely  hygroscopic-  M,p-  (in  Cl,!  308"Cp 
b-p,  (calcd.)  316*C;  d (36*)  2-&3B*  Decomposaa  partially  on 
sublimation  in  high  vacuum*  In  the  range  of  160-210*0  the  de** 
composition  pressure  of  Cla  over  solid  FeCia  and  FeOl*  obey^ 
the  equation:  log  P - 11-33*— 5-67  * IQ^/T,  Very  readily  soluble 
in  watePt  ethyl  alcohol*  ethyl  ether  and  acetone*  FeCU  mA 
FeCU  form  a eutectic,  m,p*  297-5*Ct  containing  13,4  mole  % of 
FeCla- 


HE^ehENCES; 

i 

G.  G.  Maier,  Techn.  Pap,  Bax.  Mines  Wasliingtoa  No,  3?0, 4p 
(1925);  O,  Kohigschmid,  L.  Birckenbach  and  B.  Zeiss.  Ber. 
dtEch.  chem.  Ges.  ]L476  (1923);  H.  Schafer.  Ai^ew.  Chera. 
§4,  111  (1952);  for  the  preparation  of  larger  amounts,  aee 
B.  R.  Tarr  Ini  L.  F.  Audrieth,  Inorg.  SyntheseB,  Vgl.  HI, 
New  York,  I960,  p,  191. 


froft  (Mf  Bfomtde 
FeBr. 

FeBr2,  ANHYDROUS 

j,  Fe  + 2HBr  = FeBf*  + H, 

5S.9  iai.8  ilS.1  .. 

r. 

Very  pure  Fe  (reduced  with  Hs)  is  placed  in  an  uhgiazed  piSpf  ; ^ 
celain  boat  situated  in  a porcelain  tube  and  heated  to  aboytiBjPP^jCS,' 
in  a completely  dry  stream  of  HBr-saturated  nitrogen,  so  .ttCJ^ 
the  nascent  PeBra  distills  out  at  once.  The  preparation  is 
ferred  (in  dry  Na)  to  well-sealed  vessela.  I^a  last 
is  facilitated  by  sttRobi*^  a enti^ly  fitting  tubs  onto  the  ( 

of  the  reaotor;  the  FeBr^  can  then  sublime  intc- this 

• ; ■'.-.■-V.ii 
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B,  cu«Ml  of  FeBr,  • 4B,0  io  ft  strtsan.  of 

SBr. 


^VTKKtTH; 

Perroua  broHildo^ 

pftOPERTlES: 

Light-yellow  to  dark-brown  cryst fils;  hygroscopic*  M.  684“; 
dt25^  4.6^4-  Crystal  structure:  C 6 type. 

RErEBENCESi 

L G P Baxter.  2,  anorg.  Chem.  38^  236(1904)* 
n*  G*  p!  Baxter,  Th*  Thorvaldsonaed  V*Gobb,  Z.  anorg.  Chem.  70, 
333(1911), 

FeBr..  HYDRATE 

Fe  — — 6H:0  = FeBrj-6H^O  — 

55.S  1&V5 

To  prepare  the  bexahydratep  pure  iron  is  dissolved  in  aqueous 
HBr  and  the  solution  evaporated  ^low  49*C,  Above  this  tempera- 
ture one  can  obtain  the  tetrahydrate,  and  above  83  the  dihydrate. 
Alternate  method:  Shaking  Bta  and  water  with  an  excess  of 
iron  povder. 

PHOPERTIE3; 

Pale- green  rhombic  tablets;  not  deliquescent, 

HZFERENCE: 

P,  SchiinmeL  Ber,  dtsch.  Ohem,  Ges,  963  (1929)* 

Iron  (lU)  Bromide 
F«Br, 


2Fe  ^ 3Br*  = 2FeBis 
in. 7 J73.S  591.3 

sealed  at  the  left  end  and  provided  with  a 45^  bend 
a ^ connected  at  the  right  to  a hlgh-vacuum  pump  and 

^ Beduced  iron  powder  is  introdtwed  into  the  left 
aid  of  a long-stem  funnel,  and  the  right  end  of  the 
moew  ttieo  dram  out  to  a capiUary,  The  Pe  ie  thoroughly 
iwvea  Iff  evacuation  and  beating.  Bromine  is  then  condensed  66 


WW 

the  iron  tllquld  nitrogen  bath);  the  Br,  excess  is  Buob  that  dt^ 
completion  of  the  reaction  the  wessure  in  the  Cube  will  etjOl  he 
at  least  6 atm. 

After  the  pump  end  of  the  reactor  tube  ia  sealed  off,  the 
is  condensed  in  the  right  leg  ooolit^  the  latter  In  ice  water. 
The  left  leg  Is  then  heated  to  17&-200**C  (tnajtlmum)  and  then  t)ke 
right  leg  to  lao^C;  this  produces  a Br » presBure  of  about  5 atat 
The  heating  is  done  with  two  mating  aluminum  heating  bLocte, 
The  butting  ends  are  cut  at  an  angle  of  22*5*  and  separated  only 
by  a thin  disk  of  asbestos  {Fig.  330). 

The  reaction  begins,  although 
slowly,  even  at  room  temperature* 
but  cannot  be  completed  at  this 
temperature  even  in  several  months. 

However^  under  the  conditions  given 
above,  pure  FeBrs  condenses  outside 
the  200'’C  acne.  If  the  temperature 
of  the  Pe  is  too  high  or  the  Bra 
pressure  too  low,  some  yellow 
FeBr^  is  also  deposited  at  the  left 
end  of  the  tube* 


Fig.  3Sfl,  Prepftr«ticm  of 
iron  (nl^  bromide. 


SYWONYW: 

Ferric  bromide, 

PROrEETlESi 

Lustrous  black  plates;  very  hygroscopic.  The  decomposition 
pressure  of  Br®  at  90®C  is  55  mm.  and  at  139®C  is  760  mm.; 
below  139 ®C.  it  obeys  the  equation:  log  p (mm,)  = — 3478.6/T  + 
11.327.  The  vapor  pressure  of  FeBr^  becomes  detectable  above 
139 *C.  Crystal  structure;  DOg  ^fpe  (same  as  FeCIa). 

aepEesHCES: 

N,  W.  Gregory  and  B,  A.  Tbackrey.  J,  Amer.  Chem.  Soc.  TO. 
3176  (1950);  N.  W.  Gregory.  Ibid.  73.  472  (1951). 

Iron  (It)  Iodide 
Fel, 

I,  Fe  + I* 

5&.S  sod.T 

A Mgh-melting  glass  tube  is  sealed  at  one  end  and  proyi*^ 
With  a side  arm  temlnatiag  in  a break-seal  capUlary  d (see  Fifr 
331),  Very  pure  Iron  wire  Is  placed  at  locatloti,p  of  the 
a small  plug  of  freshly  ignited  asbestos  wooV,(L  is 
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to  tl»  iron.  PUI«.  dry  U (l«ss  than  stoichiometric  quantity),  in  the 
ofteowSe  pow^r,  is  then  placed  on  top  of  the  asbestos  wool 
The  reactor  tube  is  then  drawn  out  to  smaller  size  at  a.  the 
u to  moved  forward  to  c,  and  a good  vacuum  is  applied  by  means  of 
a mercury  diffusion  pump.  At  the  same  time,  the  other  sections  of 
the  tube  (o.h)  are  heated  in  an  electric  furnace  to  500  to  degas  the 
Fe  and  the  asbestoe.  The  tube  is  then  sealed  off  at  f,  and  section  c 
the  I,  is  heated  to  180*C  with  a suitable  A1  block  or  in  an 
air  bath  (the  section  containing  the  Fe  is  maintained  at  500  *C).  The 
tube  Is  slightly  inclined  forward  to  prevent  the  liquid  iodine  from 
flowing  into  the  hot  section.  If  the  above  temperatures  are  adhered 
to,  the  internai  pressure  does  not  exceed  one  atmosphere. 

’ The  nascent  Fela  sublimes  slowly  toward  the  cooler  zone, 
where  It  deposits  as  black  leaflets  which  appear  brownish  red 
when  viewed  b>'  transmitted  light.  As  soon  as  the  iodine  vapor 
disappears  completely,  the  tube  is  allowed  to  cool  and  a vacuum 
hose  is  carefully  slipped  over  side  arm  d.  The  hose  is  coiuieeted 
via  s three-way  stopcock  to  a canned-rotor  pump  and  a nitrogen 
supply.  Vacuum  is  applied,  the  sealed  capillary  on  the  side  arm  is 
broken  off,  and  pure,  dry  Nu  is  slowly  admitted,  Care  should  be 
taken  during  this  step  to  avoid  entraining  any  glass  fragments  In 
the  tube.  As  soon  as  a slight  gage  pressure  is  established,  the  re- 
actor tube  is  broken  off  at  e and  the  product  Is  transferred  in 
nitrogen  to  a storage  vessel. 
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Fig.  331,  Preparation  of  iron  (II) 
iodide,  fl  iron  wire;  5 asbestos  wool; 
c Iodine;  / seal  location  (after  seal- 
ing, the  section  to  the  right  of  / is 
removed), 

AU^rnate  methods:  II,  Heating  reduced  Fe  in  a stream  of 
la-Mtur^d  hydrogen,  followed  by  distillation  in  a steel  tuba. 

Thermal  decomposition  of  Fe(COl  Ja-  The  product  is  an 
extremely  fine  powder,  .i*--  r 


SVKOMYK; 
Ferrous  iodide, 
P^OPEKTIESl 


ffpM  n ri ’ becomes  whitish  in  air.  Aqueous  sol 

ww  are  colorteas.  Crystal  structure:  C 6 type. 
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jlEFEIlENCESt 

I*  M*  Gulcharti.  Comptes  Bendu^  H6bdp  Se&aoes  Acad.  Soi*  145, 
80^(1907), 

U,  C,  L*  Jackson  and  L H*  Derl^.  Amer.  Chem,  J,  24, 16  (1900); 
BalL  Soc.  Chim*  France  [31  24,  863  (1900);  acealaoW, 
Fischer  and  R.  Gewehr*  Z.  anorg.  allg,  Cbein.  303  (1935), 
lU.  W.  Hieber  and  H.  Lagally.  Ibid.  300,  313  11940)* 

Iron  (U]  Oxide 
F^O 


1.  FeCjO,  = FeO  + (X^  + CO, 

143.B  718  ^.0  44,0 

Thermal  decompesition  of  FeC  siO  4 yields  pure  FeO  only  under 
specific  conditions.  The  decomposition  la  carried  oul  in  a quartz 
vessel  (Fig,  332)  whose  lower  section  is  kept  at  850** C by  means 
of  an  electric  furnace.  The  Joint  is  surrounded  by  a water-cooled 
lead  coil  or  a rubber  hose.  The  nascent  gases  should  be  removed 
as  quickly  as  possible^  for  this  reasoUr  the  reactor  is  connected 
to  two  parallel  mercury  pumps  and  a good  forepump;  the  gas  is 
carried  into  two  liquid- nitrogen- cooled  traps  containing  activated 
charcoal. 

The  starting  FeC^O^  (0,5-O.B  g.)  is 
placed  in  the  small  bulb  above  the  quartz 
vessel,  and  the  water  of  crystallization  is 
completely  vaporized  by  heating  in  vacu- 
um for  12  hours  at  200*^C.  The  bulb  is 
turned  in  the  joint,  and  the  FeCj^^drops 
into  the  heat^  lower  section  of  the  re- 
actor where  it  is  rapidly  decon^Bed  to 
FeO*  CO  and  CO3  {^e  decon^sitlon  is 
complete  in  about  20  seconds).  The  pro- 
duct FeO  is  retained  by  a quartz  wool 
plug,  which  must  be  loose  enough  to 
prevent  a buildup  of  pressure  during  the 
decomposition. 

The  furnace  is  now  removed  and  the 
hot  quartz  tube  is  chilled  as  rapidly  as 
possible  in  cold  water,  since  FeO  is  un- 
stable  in  the  range  of  B00-5B0^C  and  decomposes  aooordihg  to^ 

4 FeO  = Fe,Oi  + Fe  j: 

(this  decomposition  proceeds  most  rapidly  at  about  480^O^ 
ceases  below  300^C)*  The  above  prooedure  yields  a JfetriblwSK* 


cf\ 
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F!g.  332.  Prepay Attou 
of  iroft  (il)  oxidBi" 
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«*dlly  soluble  in  dilute  ucids!  It  is  rupldly  oxidized  in 
»lr,  but  does  not  Ignite, 

from  stoioMometric  quantities  of  conunercial 
n,  Tbe  Pf  be  recommended.  The  mixture 

fei  rtSos  of^Ser  are  sealed  into  a preevacuated  quartz 

wmter. 


SYNONYM  = 

Fef  rous  oxide. 


PROPERTIES: 

M p 1360*5  d 5^^-  Ciystal  structure:  B1  (rock  s^t)  type, 

n£PEHENCES: 

I.  p,  L*  G^iitlieT  3Jid  H,  Behaag-  Z*  anorg,  allg,  Chem,  2^^  60 
11939)* 

U R-  W Blue  and  H,  H*  Claassen,  J,  Amer.  Chem,  Soc,  71.  3B39 
’ (1949);  J*  P-  Coughlin,  E-  G,  King  and  K.  R.  Bomitckson,  Ibid. 
73,  3&91  (1951);  see  also  L.  Wohler  and  R.  GuntheT-  Z,  Elek^ 
Uijchem,  g2,  281  (1923), 


Iron  (II)  Hydroxide 
Fc(OMK 

The  preparation  of  pure  Fe(OH)g  has  bean  described  in  detail 
by  Rihl  and  Fricke  as  an  example  of  operation  imder  an  inert 
atmosphere^  The  geueral  experimental  arrangement  is  further 
described  In  Part  1,  p,  72  ff*  It  consists  essentially  of  a bulb, 
one  side  of  which  can  be  connected  to  a high-vacuum  pump  as 
well  as  a source  of  Ng  or  a drying  vessel ^ while  the  other  side 
is  attached  to  devices  for  filtration,  washing  and  transfer  of 
products.  All  operations  must  be  cariTied  out  with  the  most 
rigorous  exclusion  of  O5  in  an  atmosphere  of  pure*  dry 
The  apparatus  is  first  evacuated  (high  vacuum)  ■ therk  a continuous 
stream  of  Ng  is  introduced,  A centrifuged  solution  of  Fe(OH)3 
(prepared  from  very  pure  FeCl^)  in  cone*  aqueous  NH3  is  admitted 
through  the  filter  and  diluted  with  a large  quantity  of  water,  causlBS 
pr^ipitation  of  the  FefOH)^,  To  obtain  a denser  precipitate  (which 
mote  rapidlyj,  tfae  mixture  is  heated  for  about  three  hours 
M SO  C and  allowed  to  settle.  The  mother  liquor  ia  filtered  off,  and 
Ise  precipitate  is  washed  10  to  12  times  in  similar  fastdon  until 
a pwttlTe  test  for  chloride  ia  no  longer  obtained. 
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To  remove  th«  remalnliig  water,  the  residue  1$  eoU^Uted  ^ 
immersion  of  the  flaak  in  an  Ice-aalt  mixtiire,  vacuum  to  s®- 
piled,  and  the  water  is  distilled  off  overnight  as  the  eolid  slowly 
melts.  The  water  la  condenaed  in  a lai^  trap  chilled  to  Dry 
acetone.  Complete  drying  of  the  product  Is  achieved  hy  keeping 
it  for  several  additional  hours  under  high  vacuum  together  with 
a vessel  containing  PaGg. 

PROPERTIESi 

Nearly  whitOi  slight  greenish  tinge.  When  sprayed  Into  air, 
burns  with  sparks.  Crystal  structure;  C6  type* 

REFEBENGEi 

S.  Ribl  and  R*  Fricks,  2.  anorg*  ailg*  Chem*  251, 40S  (1943), 

Iron  (II,  m]  Qjcide 

3Fe,0a  ^ Hi  - 2Fe,0,  H- 
4T9.0  403.0  18j0 

Fine  FoeOs  powder  is  heated  to  400^G  in  a large  boat  placed 
in  a stream  of  Ngj  then  the  Ns  is  replaced  with  saturate  with 
water  vapor  at  50*C.  The  connecting  tubing  between  the  satur- 
ating vessel  and  the  reactor  tube  must  be  as  short  as  possible 
and  well  insulated  against  thermal  losses.  When  the  reduction  ia 
complete,  as  shown  by  the  disappearance  of  ail  of  the  red  Fe^g, 
the  product  is  cooled  in  a stream  of  Ng,  Conversion  of  10  g*  of 
requites  about  five  hours, 

PEOPERTIESi 

Black,  ferromagnetiG  powder*  M*p*  1590";  d 5,11*  Mohs 
hardness  6*  Crystal  structuxet  HU  type, 

REFERENCE [ 

S,  Hilpert  and  J*  Beyer.  Ber,  dtsch.  chem,  Ges*  160B  (ISII)* 


Iron  (Ilf)  Hydfoxidfl 
FeO(OH) 

^^■FeO<OH)  ; ■ 

Fe[NOfl)i'9H*C  4-  3NHa  ^ FeO(OK)  4^  SNKtNO,  + TH^O 
404.0  3M  33-9 

A cold  solution  of  310  g*  of  FetNOa)®  * in  two  litOTS^dt 
water  is  poured  slowly,  with  vigoroua  stirring.  Into  an  amnsmhU 


ISDO 


H,  LUX 


»nr  dlssolvine  120  g.  of  gaseous  NH3  In  two 
SSr^oouiig  »eces8a^i^^  The  hydroxide  wMch  preclpU 
I^ipLs  to  x-ray  imalysis.  B is  waalwd  by  stirring 
2 TeaS  with  eight-liter  portions  of  cold  water,  each 

^ JSf'hUw  d^ted  as  coHipleUly  as  possible.  The  residual 
stirred  with  sufficient  cone.  KOH  solution  to  give 
and  allowed  to  stand  for  3-4  hows, 
^led  through  for  two  hours.  The 
S^iuate'^is^thereby  transformed  completely  into  bright-yellow 
S^SlOHl  which  shows  a crystalline  x-ray  diffraction  pattern. 

sSe  removal  of  the  potassium  hydroxide  by  washing  is  difficult, 
it  is  converted  to  KCl  by  treatment  with  somewhat  more  than  the 
calculated  amount  of  NH.C1.  The  prec^itate  is  then  wash^^ 
tborouehlv  bot  water  until  no  further  Cl  can  be  detected.  The 
K coated  is  then  usually  below  0.04%.  Drying  in  a vacuum  desic^ 
cator  affords  ft  product  whose  water  content  atiU  exc8edg  the 
theoretical  (10,14%)  by  about  3%.  Heating  In  vacuum  or  in  a stream 
of  dry  air  yields  pure  Of  -Fe  gO  a. 

The  naturally  occurring  form  of  a;  ’'FeO(OK)i  ^‘needle  iron  ore” 
or  goethlte,  has  an  EOa  type  structure. 


REFEBEMCESi 

R.  Frlckfi  and  P,  Ackermann.  Z.  Elektrochem.  630  (1934); 
0.  Glemser-  Ber,  dtsch.  chem.  Ges,  70*  2117(1937);  R,  Fricke 
and  G.  F.  Huttlg,  Hydroxyde  und  Oxydhydrate  [Hydroxides  and 
Hydrated  Oxides],  Leipzig,  1937*  p.  316; W. Hoppe^  Z*  Kristal- 
logr.  (A)  103,  73  (1^40). 

7-FfO(OH) 


2FeCl.  ‘4H,0  ^ - 2HjO  = 2Fe{OR)i  h 4NH^Cl  + BH,0 

397.fl  1^0.1  Ofl.O  17S-7  2i4.0  lOS.l 

Fe(OH),  - NaNOj  -r  HCl  = FeO(OH)  NO  + NaCi  -h  H,0 

89.9  69.0  3B.S  ft&.e  5fl.O  58.5  iS.O 

A solution  of  130  g,  of  FeCl^  ■ 4HaO  in  three  liters  of  water  Is 
fliteredf  and  the  filtrate  is  added  to  a filtered  solution  of  16B  g* 
of  hexamethylenetetramine  (Urotropin)  in  600  ml-  of  water.  Blue- 
green  Fe(0H}3  is  precipitatedt  Then  a solution  of  42  g*  of  NaNOa 
m 600  ml,  of  water  is  added  with  constant  stirring;  the  mixture 
IS  heated  to  about  60®C  and  allowed  to  stand  three  hours  (not 
loi^r)  With  occftBional  agitation.  The  oxidationt  which  produces 
y-FcO(OH),  proceeds  with  the  evolution  of  considerable  quantities 
Of  nitrogen  oxides.  The  supernatant  liquid  is  drained  off;  the  pre- 
washed  thoroughly  with  warm  water  until  free  of  chloride 
and  dried  at  60*C  In  a drying  oven. 


27.  IRON 


ISOf 


PftOPEBTEeS; 

very  friable  deep-orange  powder  comprised  oi  e>dremely  £lae 
needles^  Can  be  converted  to  pure  y-Fe^3  by  In  vacuum 

or  in  a dry  air  etream  at  about  350-400“C*  On  beating  athigbeir 
temperatures,  or  In  a seated  tube  at  llO^C^  or  even  on  very  In-^ 
tensive  grinding,  the  metastable  proper aUona  of  the  y series 
are  converted  to  the  stable  a modifioatlon* 

Occurs  in  nature  as  Lepidocroclte.  Crystal  structure:  £04 
type*  For  metastabke  ff-«FeOlOH)*  see  O,  Kratliy  and  Newotny, 
Z,  Kristailogr*  I A)  yno,  366  (I938}i 

BEFEnENCES: 

O.  Giemser,  Ber*  dtsoh*  chem.  Gea,  71,  158  (1938);  R,  Frick©  and 
W-  Zerrweek-  Z,  Elektiochem,  43»  82  (1937);  R-  Frloko  and 
G-  Weltbreeht,  Z.  anorg^  aUg,  Cbem«  2§1,  427  (1943);  F, 
Wagenknecht.  KoUoid-Z*  112,  36  (1949). 


Iron  [1t1]  Oxychloride 

FeOa 

FeGl3-6HtO  + SFflO,  - 6FeCM:i  + 12HC1 
STo.a  aii,i  MS-S  5ft,e 

A mixture  of  10  g,  of  FeCU  * 6 aiid  3S  g.  of  sublimed 
FeCla  is  placed  in  a round,  ebort-neck  Pyrex  reaction  Cask ^ 
fused  on  a steam  bath,  and  allowed  to  solidi^;  then  16  additional 
g.  of  FeCIa  Is  added.  The  reaction  indicated  above  takes  place 
when  the  mass  is  heated  to  2S0'-300*^C  (maximtun)^  It  is  best  to 
immerse  the  open  Cask  rather  deeply  In  an  oil  bath  held  at 
250''C,  so  that  no  molature  condenses  at  the  neck.  The  reaction 
is  complete  after  60-80  minutes,  when  no  further  evolution  of 
HCl  Is  observed. 

The  reaction  mass,  which  converts  to  a solid  red  cake,  is 
cooled  and  pulverised,  washed  briefly  with  a large  amount  (rf 
cold  water  axid  then  with  acetone  tto  remove  excess  FeCig),  and 
dried  In  vacuum^ 


PROPERTIES! 

Rust-colored  powder  consisting  of  small  red  needles.  of 
FeaOa  if  made  from  sublimed  FeCU  ^ ^ reaction 
no  ^her  than  300"C  are  used,  Disproporiloo^  abOTO  300  C 
into  the  oxide  and  chloride.  Crystal  structure:  EOg 


aUFEBENCEt 

H.  Schafer.  Z,  aaorg,  Chem.  260,  279  (1949). 


i5«t 
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kori  {II)  SulfEdt 

FcS 


Pe  + S ^ FfS 

5S.B  3i.l  S7.9 


pote  FeS  of  stoiohiometHc  composition  is  obtained  from  pure 
mduced  F«  wd  dlstfllsd  S.  Exactly  weighed  quantities  of  the  two 
finances  are  sealed  in  a quartz  tube  evacuated  in  high  TBCuum, 
and  are  heated  for  about  24  hours  at  1000»Ci  at  higher  tempei-a- 
tuies  the  quartz  tube  bursts.  One  then  teste  fox  oompletenesa 
of  the  conversion:  the  reaction  is  complete  if  S no  longer  ooUeots 
at  that  end  of  the  hot  tube  which  is  cooled  for  test  purposes.  The 
lustrous  gray  product  obtained  is  somewhat  sintered  and  readily 
pulverized. 


SYKOKSTMr 
Ferrous  sulfide, 

PROPERTIES: 

M.p,  119S^;  d 4.84-  Czystai  structure;  BS  type. 

REFEREIiCES: 

H.  Haraldseu.  Z,  anorg^  allg-  Chem,  2Jil,  81  (1937);  G*  Hagg  and 
J.  Sucksdorff.  Z,  phys.  Chem,  (B)  444  (1933)* 


ifon  Nitrides 

F^iNj  FciN 


L 


4 Ft  - 2NKa  = 2Fe,N  -I-  3Hj 

523.4  44.^  i ^1.4  57  ^ 


Fine  Fe^g  powder  is  placed  in  a porcelain  boat  at  500*^C  aud 
redue^  as  complcftely  as  possible  with  then,  without  aUowir« 
aiq^  air  to  penetrate,  NHa  is  introduced  at  aSO-SSO'C  mrtU  the  Ha 
®*it  decreases  to  a Icfw,  constant  level.  The 
proMrt  Is  then  allowed  to  cool  In  the  stream  of  NHa-  ft  cor- 
resp^  to  compoaition  tothe formula  FegN (theoretically  11. 1%  N) , 
■ rtructure  of  Haggle  ^ {diase,  and  exhibits  a very  narrow 
Of  OfteUf  however,  the  composition 

solution)  phase  e.  On  heating  in 
^ product  is  converted  (with  loss  of  Na> 
^ ^ floluttcn  f and  then  to  Fe*N  (y'  phase,  thaoreacally 


27.  moN 


tm 

II.  Another  method  for  preparing  Fe4N  consists  in  heatli»7«Al(»ed 
Iron  in  the  presence  of  an  appropriate  mixture  of  tod  HHa* 

PROPEHTIES: 

FesN;  Formula  weight  125.7^  d 5*(52* 

Formula  weight  237.4;  d 6.57  i?).  Crystal  etractur^: 

L 10  type. 

KEFS&ENCESl 

I.  G.  Hagg.  z,  phys,  Chem,  (B)  8,  455  11930);  also  E,  Leiirer.  Z. 

Elektrochem.  388, 460(1930)10,  Eisenhut  and  E,  Kaupp,  iWd. 

394  il930);  S.  Satoh.  Bull,  Chem.  Soc,  Japan  7,  315  (1932); 
abstract  in  Chem-  Zentr,  19$3p  752*  "" 

II,  St.  Bnmauer,  M-  E.  Jefferson,  P-  H,  Emmett  and  S-  B.  Hend- 
ricks* J,  Amer.  Chem*  Soc,  £3,  1778  (1^31);  Ch*  GtlillaTid  and 
K-  Creveaux,  Comptes  Bendus  Hebd-  Stances  Aoad-  Scl.  222^ 
1170  (1946);  H-  W-  Kohlschutter  and  M,  Pavel-  Z-  anon*  allg, 
Chem,  2^,  65,  73  (1947). 


Iron  Carbide 
Fe,C 

It  is  best  to  start  with  electrolytic  iron  sheet;  this  Is  held 
over  tiensene  vapor  to  deposit  a layer  of  carbon,  then  baked  for 
a long  time  in  vacuum  at  700*C  and  slowly  cooled.  To  Isolate 
FeaC  the  sheet  Is  placed  in  a neutral  FeCl^  bath  and  used  as 
an  anode  at  the  lowest  possible  current  density-  The  bath  is  the 
same  as  used  in  the  preparation  of  electrolytic  Iron-  In  this  way 
very  pure  PesC  is  left  behind  as  a coarsely  crystalline  gray 
powder.  It  is  washed  with  dilute  acetic  acid,  water,  alcohol  and 
ether,  and  dried  in  vacuum. 

Alternate  methods:  a)  Iron  carbide  may  also  be  isolated 

quantitatively  while  measuring  the  anode  potential i see  E-  HoudrO" 
mont,  P-  Klinger  and  G-  Blaschcayk,  Techn-  Mitt*  Krupp,  Forsch^ 
ungsber,  4,  311;  Arch-  Elsenbuttenw*  15,  257  (1941}. 

b)  Solution  of  wintet  Icw-Si  pig  Iron  in  1 H acetic  acidi  see 
O,  Huff  and  E,  Gersten,  Ber-  dtach*  chem.  Ges.  45,  64  (1912}, 

c)  For  the  preparation  of  almoet  pure  fused  Fe^G,  see  p^ 

Wever,  Mitt-  KWl  Eisenforachtmg  4,  67  (1923)*  " 

SVraNYM]  V . .1;  ■ 

Cementite*  ' 

PHOPEETtea; 

Formula  weight  179*5^*  Hardoess  3.2-3. 3;  d (16  } 74^6.6, 
structure;  DO type,  “ . 


M,  LUX 


1S04 


Q,  Haeser,  Mitt,  KWI  ftir  Elsenforachw^  16,  211  (1934). 


Lithium  ferrate  (III) 
LiFeOt 


Obtained  by  beating  to  high  temperature  or  fusion  of  an  intimate 
mixture  of  LiaCO^  with  fine  FeaO^  powder  derived  from  FeC^^. 
At  temperatures  above  about  eTC'C,  the  stable  modification  is  of  the 
B1  type,  with  random  distribution  of  the  metal  atoms;  annealing 
at  570^C  converts  it  to  a nearly  cubic  tetragonal  modification  with 
ordered  distribution. 

Alternate  method:  Heating  cono*  LiOH  solution  with  Fe^Oj  at 
600®C  under  pressure  [£,  Posnlak  and  T-  P,  W,  Barth,  Phys, 
Hot,  36^2234(1931}), 

REFERENCE; 

F,  Barblan,  £,  Brandenberger  and  P,  Iliggll-  Helv*  Cbim.  Act* 
S8  (1944), 


Pctasirgm  Ferrate  (VJ) 
KaFcOri 


I.  BY  OXIDATION  flflTH  NsOCl ; 


2 NaOH  + Cl.  = NaCl;  + NaOCi  + HsO 
“ i0.0  ic}.»  59.5  745 

3NaOCl  + 2Fc(N0,),-9h*0  lONaOH  = 

400J) 

2Na*FeOi  + BNaNOi  + 3NaCJ  + 23H*0 
331?  SW.0  17S.S 

NtajPeO*  + 2KOH  = KiP«0.  + 2NaOH 
193.9  1SS,0  80J) 

m I *“  76  Mi.  of  prater  tfi  oooled,  « 

la  is  admitted  with  vigorous  stirring  uotU  a woi^  hicrease 


27^  ]RON 


20  g*  13  reGOrde<i*  The  cooling  rate  should  be  such  that  tlift  mix- 
ture temperature  does  not  rise  above  20  *C*  Then  ?0g,  OfeolM 
NaOK  Is  added  slowly  and  with  constant  stirring ; the  teti^tfkeratipre 
is  allowed  to  rise  to  2 5-30  "C  to  speed  the  dlssoluUoiii  As  soon 
as  this  is  complete^  the  solution  Is  cooled  once  ageln  to  20^0 
pjid  passed  through  a glass  filter  to  remove  the  preclpitaftid 
NaCh 

With  theNaOClsolutionheldat25-30*Ci26g*  of  solid  Fe(KO^^  * 
9H3O  is  slowly  added  (stirrli^)*  the  mixture  1®  saturated  with 
solid  NaOH  at  30 and  the  ferrate  (VI)  solution  is  either  fUtered 
through  a coarse  glass  filter  or,  better,  centrifuged* 

The  precipitation  of  KaFe04  is  carried  out  In  a25(Hmh 
beaker  by  addition  of  lOD  ml.  of  saturated  KOH  whUs  stirrii^ 
and  cooling  to  20®C,  After  precipitation » stirring  is  oodstinued 
for  five  iriinutes;  the  compound  ie  collected  on  a medlum^porosity^ 
glass  filter  and  rediesdlved  by  treatment  with  four  or  five 
portions  of  3 M KOH.  The  solutions  are  oomblned  in  a 250^mh 
beaker  and  50  additional  ml*  of  saturated  KOH  Is  added;  after 
five  minutes  of  stirring  at  20“C  the  solution,  which  Is  vcf^  abofut 
11  M in  KOH,  is  filtered  through  a medlum-porosily  glass  filter^H 

For  further  purification,  the  KaFeO^  collected  on  the  filter 
is  treated  with  10  ml,  of  benzene,  then  three  to  five  times  with 
SO-ml*  portions  of  95%  ethanol  t aldehyde-free),  and  finally  stirred 
for  20  min*  (in  a large  beaker)  with  1000  nd,  of  96%  eithanoL 
This  last  treatment  is  repeated  three  additional  times.  The 
product  Is  collected  on  a glass  filter,  washed  In  the  alxsenoe  o£ 
atmospheric  moisture  with  50  ml*  of  ether,  and  dried  in  a vacuum 
desiccator 

The  yikd  is  45-75%  of  theoretical,  the  purity  92-96%,  One 
further  repreclpitatlon  froffl  6M  KOH  raises  the  purl^  to  98.5- 


tl.  ELECTHOLVnC  METHOD : 


Ke  + 8 KOH 
5S.S5  448-G 


K,Ke04  + 6K" 
IBKO 


4H.0  + flfi" 


■ i T. 

The  electrolysis  Is  conducted  in  a cylindrical  vessel 
I.  D.  and  lOa  mm.  high)  in  which  a porous  clay  cell  (50  mm. 
and  80  mm.  high)  is  set.  The  eeU  is  held  In  place  Ijy  a p«a^-,, 
soaked  cork  ring  in  such  a way  that  it  touches  the  bottom  : 
cylljQder,  The  anode  is  ^ strip  of  ttanfiformer  Itoii 

Mn:  27  x 3.7  cm.  *=  I<H)  cm.®  of  surface  oa  each  side)  which 

adheres  closely  to’  the  outer  wall. 
screen  of  Iron  wire  rolled  into  “ ^ 

cell.  The  anode  is  welded  to  a thick. 

iron  wire,  which  passes  through  the  cork  rinff  and  is  ^ . 


isoc 
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**%'J„°!l!^!:^'U°/  STwiU)  1:1  HCI  Shortly  te&re 

the  of  the  experiment,  and  are  then  rinsed  with  water.  The 
la  now  jmed  with  200  ml,  and  the  cell  with  60  ml.  of 
fj&shly  prepared  40%  NaOH  precooled  to  25-28°C.  The  ap^ratus 
and  cooled  externally  with  ice  water.  To  start  with, 
the  electrode  Intended  as  the  anode  is  connected  as  the  cathode 
and  the  electrolysis  conducted  for  3-5  min.  at  3.5  amp.  and  110  v. 
d.  c.  The  resistance  in  the  circuit  should  be  about  30  ohms.  The 
polarity  is  then  reversed;  the  actual  electrolysis  takas  four  hours 
at  4.5  amp.  (approximately  5.8  v.);  the  temperature  in  the  anode 
space  mast  never  exceed  35  °C. 

The  current  is  shut  off  and  the  anode  electrolyte  freed  of  traces 
of  Fe(OH)a  by  centrifuging  or  filtering  rapidly  through  a medium- 
porosity  glass  filter.  The  filtrate  is  cooled  to  10"C,  and  75  g,  of 
KOH  pellets  is  added  with  continued  cooling  and  vigorous  shaking. 
An  additional  hour  at  0“C  is  allowed  for  completion  of  the  reaction. 


The  KsFeO*  precipitate  is  rapidly  collected  on  a medium-porosity 
glass  funnel,  washed  at  once  with  ice-cold  absolute  methanol, 
and  dried  in  vacuum  over  PgOs.  The  anode  electrolyte,  which 
after  four  hours  is  about  0,15  M in  ferrate  (VI),  affords  about 
5 g.  of  KaFeOt  with  a purity  of  95%.  The  main  impurity  is  car- 
bonate; in  addition  there  is  0.1%  Mn,  as  well  as  compounds  passing 
Into  the  solution  from  the  earthenware  cell.  These  could  probably 
be  avoided  by  using  a cell  made  of  polytetrttOuoroethylene  or 
a similar  material.  The  current  efficiency  is  about  25%, 


paoFsariES: 


Small  lustrous  crystals,  very  dark  violet  to  black;  stable  only 
when^  completely  dry,  Beadily  soluble  in  water;  concentrated 
solutions  decompose  rapidly;  very  dilute  solutions  are  much  more 
stable.  Chloride  ions  and  PeO(OH)  markedly  accelerate  the  de- 
wmposltlon.  The  instability  of  solutions  as  a function  of  pH  is 
Schreyer  and  L.  T.  Ockerman,  Anal.  Chem. 


AEF£R£NCE;$i 


*'  Ockenaan  and  J,  M,  Schrej^r.  J.  Amer 

H.  J*  Hrostowskl  and  A.  B.  Scott 
HeMerich  and  K.  Lang.  Z 
P Kindenr  i*  — ^ (IWO);  SChold6r,  iron  Bunsfio 

allg.  Chem.  26' 

U955>,  L.  Moeeer.  J.  ptakt.  Chem.  [2]  431  11897). 


IW07 


IX,  G.  Grube  aid  K,  Gmeiin*  Z,  Elektrochem-  X66(1420); 
modified  directions  based  on  unpublished  experiments 
toother  with  H>  Koeth, 


Potqs$ii>m  Iron  {Ul)  Sulftde 

KFeSt 

6Fe  -h  4K-CO,  + 13S  = Sms,  + K*SO*  + 4COi 

335.0  525  S 416,5  fl^.4  174,3 

An  intimate  mixture  of  5 g*  of  F©  powder  (obtained  by  reduc- 
tion with  Ha}  * 25  g,  of  K^COs*  6 g*  of  Na^CO^i  and  30  g*  of  S Is 
Slowly  heated  in  a half-filled  covered  poroelain  crucible  until 
the  mass  flows  smoothly;  it  is  then  held  at  bright-red  heat  for 
about  one  hour,  A better  method  consists  in  heating  the  mixture 
(which  is  placed  in  a boat  inserted  in  a porcelain  tube)  under 
nitrogen  at  900-1000®C*  In  either  case  the  crucible  is  cooled 
slowly  and  broken.  The  fragments  of  the  melt  are  soaked  in  warm 
water  f the  solution  being  frequently  decanted*  until  the  only  sub- 
stance remaining  in  the  flask  is  the  reddish  violet  needles  of 
KFeSa  (semlmetallic  luster)^  If  a consider^le  <piantlty  of  col- 
loidal, amorphous  product  is  obtained,  the  reaction  temperature 
was  not  suSiciently  high.  The  cryst^  are  washed  with  water 
and  alcohol  and  dried  as  rapidly  as  possible  at  lOO^C,  The  yield 
is  12-14  g,i  the  theoretical  yield*  based  on  Fe,  is  14.25  g* 

PaOPERTIESt 

Formula  weight  159.1,  Insoluble  in  water;  indefinitely  stable 
In  dry  alr- 

HEFEREKCESt 

K.  Preis.  J,  prakt.  Chem,  107,  12  H.  SohneUier.  IMd. 

108.  16U8G9J. 


Basic  frOrt  {till  Suiiot* 


Fe,(S04),(0H)*-2flrf)  or  aFe.O,-4SO,*»H|0 


3Fe.(SOi), 

Vi,:  120.0 


+ MH,0  ^ 2Fe,{SOi),{OH),>2H,0  + 5B.SOi 

2S.a 


The  ba&ic  sulfate, 
range  |up  to  170“C), 


which  ia  stahiB  over  a.  laise  tempBfstufe 
iB  roadUy  obtained  iit  OTystallinc  fcrmli!? 


ts«* 


rt.  lAix 


kMiUliK  a 

F«gtSO^a 

ooBStstixig 


sealfid  tube  oonUtnttJg  an  approximately  2€%  solution  of 
at  ISO'C,  The  proditot  is  a fine,  orange-yellow  powder 
of  small,  transparent,  cubelike  rbombohedra. 


REFEIlC^fC£S: 

K Posiilakand  H*  E.  Merwin-  J- Amer*  Chem,  Soc,  ^4,  1965  {1922}; 
' K V SMsWdJi,  Zh.  Obshoh,  Khim.  ^ ,45611961);  Athanasesco. 
Comtes  Itendus  Hebd.  Seances  Acad,  Sci*  103,  271  tl8S6), 


Sasic  Iron  (lllj  Acetate 
[Fe,(CH,C00)*(0«),]CH^00  ■ H*0 

^ TCHnCOOH  - fFe,{CHnCOO)d(OHWCH,COO  H;0  + 611^0 

3„X>.b 

The  monoacetate  of  the  complex  base,  which  occurs  predomi- 
nauUy  in  the  monoaoidle  form,  ciyetaUizes  reacJi]y  from  dilute  acetic 
acid  {about  10%  or  1,6  N},  The  triacetate  informed  only  from  aoln- 
tiouH  containiDg  at  least  65%  acetic  acid  by  weight  {11.4  N)i  these 
are  allowed  to  stand  in  a vacuum  desiccator  over  cone,  HjSO^ 
To  prepare  the  monoacetate,  a very  dilute  FeCla  solutionis 
treated  at  room  temperature  with  aqueous  NHg;  the  precipitate 
is  washed  for  severfd  days  with  cold  water,  which  is  frequently 
decanted,  and  washed  thoroughly  again  on  a filter.  The  slurry  of 
hydrated  iron  oxide  thus  obtained  is  dissolved  (heating)  in  about 
an  eq^iai  amount  of  acetic  acid*  Cryatalliaation  takes  place  If  the 
eohdiOD  is  allowed  to  stand  in  an  open  dish  for  several  days  in  a 
well- ventilated  spox*  After  filtration,  the  salt  Is  kept  for  some  time 
over  soda  lime  to  absorb  the  acetic  acid. 


STNOKYMj 

Triipoa  (IH)  hexaaceta.todihydroxomonoac6tate* 


PftOJJEntlES; 

Transparent,  brick*red  rbomfoic  leaflets.  Dissolves  slowly  in 
w water,  rapidly  in  bot  water.  Only  sparingly  soluble  in  acetic 


AEfrAENCES: 

A,  Knw.  Z,  anoig,  allg.  Cbem.  169,  286  (1028);  R.  Wemlfind  and 

3888(1909);  Z.  «x>QXg. 


27.  IRON 


tm 

Haxdtyarvoferric  [W]  Acid 

- J.-+ 

HiFc(CN), 

K,Fe(CN),-3K^  + 4Ha  + a(C,H,)iO  ^ 

An.i 

H*Fe(CW),-2(C*H,),0  + 4KU  + 3H*0 

3^34.1  ^95.^ 

A solution  of  42  g,  of  K JPe(CN)  e ^ 3HbO  in  350  tul.  of  TVftter  l3 
mixed  with  100  mU  of  cone.  HCl  (d  1,19);  my  KCl  which  aeparttteB 
is  redlssolved  by  addition  of  some  water.  After  thorough  ohlUiiqf, 
about  50  tnl,  of  ether  is  added*  The  eiberate  Beparatos  in  several 
hours  as  colorless  tablets.  These  are  filtered  off*  waahed  with  a 
small  quantity  of  dilute  HCl  containing  some  ether,  and  rediasolved 
in  SO  g-  of  alcohol.  After  residual  undiasolved  KCl  is  removed 
filtration,  the  compound  is  reprecipitated  by  addition  of  60  g* 
of  ether,  filtered  off,  and  washed  with  ether*  It  is  finally  txluts^ 
ferred  to  a round  flask  and  converted  to  H^^etCNjeby  heatiiig 
at  40-50®C  in  aspirator  vacuum. 

SYTfONYMS: 

Hydrogen  hexacyanoferrate  (H)*  ferrocyanfc  acid* 


paOPEBTl^: 

Snow-white  when  pure*  d (25^)  1.536.  Indefinitely  stable  if  dry; 
gradually  becomes  blue  in  moist  air*  Elimination  of  HCN  begins 
at  about  100*.  Beadily  soluble  In  water  or  alcohol;  Insoluble 
ether  or  acetone*  The  bright  lemon-yellow  ai^eous  solution 
composes  on  heating  or  in  light.  Solubility  (14®)  13  g,/100 
of  aqueous  solution* 

nrFEBEWCES: 

W*  Blltx*  Z.  anoig.  allg,  Chem*  170,  161  (1928);  A*  Mittaeeh  and 
E.  Kuaa,  2*  Elehtrochem.  34, 159  (1928), 


H 

f 'i-H 


Ammoftium  H « ?c a cya noferrate  {II) 

<NH,).Pe(CN). 

H.F«(CN},  + 4NH,  = (NH,).Fe(CN}. 
ai6,0  «B"i 

To  prepare  a completely  potassium-free  adt,  » 
solution  of  pure  hexacyanofeiric  (II)  acid  is  Beutraltaed-iriattg^ 


1»0 


H.  LUX 


the  sell  which  precipitates  is  coUectefl,  washed 

with  alcohol  and  then  with  ether. 


PHOMBTlES: 

Readily  soluble  in  water, ^Insoluble  in  alcohol.  In  vacuum,  de- 
cunposition  begins  above  100 *C, 

H£fER£MCE: 

A,  Mittftsch  and  £-  Kuss.  2*  Elektrochem,  34,  5& 


Hexacycinafernc  \\\i\  Acid 
HtFe{CM, 

KaFi->(CN},  T-  3 HQ  - H,Fe(CN)t  + 3 KCl 
319.^  lCR-4  211-9  a-:3-7 

Cold  saturated  KaFe(CN)6  solution  140  ml*)  is  treated  slowly 
and  In  the  oold  with  40  ml*  of  fuming  HCl;  the  misture  is  allowed 
to  stand  in  an  ice  bath  with  frequent  agitation  for  about  half  an 
hour-  The  KCl  precipitate  is  removed  by  filtration  and  the  fil- 
trate is  shaken  with  70  nal,  of  ether.  Three  layers  are  formed; 
aqueous f oily  and  ethereal*  After  draining  the  aqueous  layer,  the 
middle,  oily  layer  is  allowed  to  clarify-  It  Is  then  separated  &om 
the  ether  layer  and  the  oil  is  completely  freed  of  ether  under 
vacuum*  This  results  in  crystallization  of  a yellow  ether  ate  of 
HaFefCNla;  finally,  however,  pure  H3Fe(CN)fl  remains  as  a brown 
mass.  The  acid  may  be  recrystalli^ied  by  solution  in  abeolufe 
ethanol  and  evaporation  of  the  solvent*  The  compound  must  not 
be  allowed  to  contact  metal  or  rubber  and  should  be  kept  as  dry 
as  possible^ 


SYNOWH: 

Hydrogea  hexacyanoferrate  ^111),  ferrlcyanlc  acid. 
i^flopEBTresT 

tf  rea^y  soluble  in  water  and  alcohol;  unlike  H4B’e(CN)fi, 

soluble  in  ether-alCohol  mixtures*  The  aqueous  solution 
to  yeilow  to  brown. 


BEFSRENOEt 


^ Brown*  J,  Soc*  Chem*  3nd-  Trans,  44^ 


JftON 


Sodium  HexoHiiocyanoferrato  (Ml)  - i- 

Na,Fe<SCN)i^l2H*0 

F«(OK)j  + 3HSCN  + 3Nb5CN  -r  9H(0  =“  NajFe(SCN)t' l2HiO  ^ 

lOS.fl  377.2  24!t3 

Aqueous  HSCN  solution  is  added  in  the  cold  to  ft  knoiro  mound 
of  freshly  precipitated  and  v^ll  washed  hydrated  iron  (HI)  oxide 
until  the  solid  is  barely  dissolved.  Then  NeSCN  is  added  until 
about  nitte  moles  of  KaSCN  are  present  for  each  mole  of  Fo(SCN}a» 
The  solution  is  allowed  to  stand  in  a desiccator  over  oouc* 
for  several  weeks;  very  dark- red  crystals*  which  exhibit  an  Intewe 
green  color  when  viewed  by  reflected  light,  separate  out.  On 
further  evaporation  of  the  mother  liquor^  precipitation  of  MaSCN 
also  begins  ^ on  heatings  the  Fe^  '^'is  partly  reducei 

^VflONYMj 

Sodium  Iron  tlU}  thiocyanate, 

rnOPEilTIES: 

Deliquescent  in  air;  converted  to  the  trlhydrate  by  storage 
over  cone,  H^S0  4,  Soluble  in  alcohol*  giving  a permanganate- 
like  violet  color;  may  be  recrystallized  from  such  aoltrtlonff 
without  decomposition, 


aBFERENCES: 


Gt  Kru&s  and  H.  Moraht,  Liebigs  Ann,  2&Q*  209  (1890);  A,  Bbson'- 
beim  and  R+  Cohn,  Z,  anorg*  Cheim  27 f 295  (1901);  H*  I* 
Schlesinger  and  H,  B.  van  Valkeiiburgh.  J-  Amer,  Chem«  Soc, 
1215(1931)* 

■ ■ ■ . ■ ' ^ 

Sodium  Pentacyanoomminoferrote  (It)  ^ 


NaiEFe(CNhNHj  OH/) 

Nai[Fe{CN)jNO]  ■ 2 H*0  + S NHj  + NaOH 
J9J.0  34.1  4^).0 

=-  Nas[Fe(CN)tNHsI  4-  Nt  + H*0 

323.{) 


^7- 


A mixture  of  30  g-  of  f ^ 

water  ta  prepared  anS  cooled  la  an  ice-s^t  mWtire*  i ^ 

then  at  +10*C  entU  aatiiralioarilie  ttoiperafturo 

■ -‘‘’77,^ 


H.  t-UX 


MS  muat  not  exceed  20*C,  The  solution  is  aUowed 

under  a loose  cover  for  several  hours  (not  longerj  at 
the  cwtsJs  which  separate  from  the  deep  taranivaiBh- 
litow  OTlutioii  are  collected  by  fUtration.  The  remainder  of  the 
can  be  precipitated  from  the  eolotioo  tty  addition  of 
^r^^The  product  may  be  purified  by  solution  in  some  com 
water,  from  which  it  is  precipitated  as  fine,  bright-yellow  needles 

Iw  careful  addition  of  90%  alcohol.  j.,  i 

^ The  hexahydrate  is  hygroscopic  and  rea<iily  loses  NH3,  It  is 
dried  to  constant  weight  by  storing  for  several  days  in  a vacuum 
desiccator  over  CaCl®.  K then  contains  three  (or,  according  to 
Holil,  a.&)  moles  of  HsO.  Yield-  24  g.  (73%).  The  yellow  aqueous 
solution  decomposes  on  heating,  precipitating  the  hydroxide. 


REFEHEKC£St 

K.  A.  Hofmann.  Z.  anorg.  Chem,  10,  264  (139&);  W.  Manchot,  E. 
Merry  and  P,  Worlnger.  Ber,  dtsch,  chem,  Ges^,  2876  (1912); 
F.  Hohl  and  K.  ftokitansliy.  Monatsh.  Chem.  82  (193D). 


So<iium  Pentacyanoomminoferrate  (III) 
\s,fFe{C\hMH,i-H,0 

Naj(Fe(CN)jNH>l  3HiO  + NaNO,  + CHjCOOH  = 

e8.Q  00.0 


Na,[Fr(CN)iNH»i  H.0 
ses.o 


+ NO  + NaOH  + CHjCOONa  + 2H,0 

30.0  40.0  S2.0 


A solution  of  20  g.  of  NaNOg  in  50  ml.  of  water  is  treated  at 
0*C  with  20  ml,  of  30%  acetic  acid  and  then  with  30  g.  of  NaglPe- 
(CN)bNH3|  . 3 HsO,  After  two  hours,  l;l  alcohol-ether  la  added; 
thte  first  precipitates  a violet  aquo  complex  salt  (farmed  in  a 
Bide  ^ paction) ; furtfaer  addition  of  Ihe  alcohol-ether  mixture 
precipuatea  the  desired  salt.  This  is  purified  by  repeated  solution 
m^ld  water  repreclpitaiion  with  alcohol.  The  darfc-yellow 

r constant  weight  in  vacuum  over  cooc.  it 

theooonlaiog  one  or  two  moles  of  water. 

salt  dissolves  readily  in  water,  giving  star  ownish- red  cotor. 
AEjF^ReilCEIS: 

**  tX900);  F.  Hhlzl  and  K. 

AdUtansky.  labnatsh,  Chem.  5$,  g2  (1930). 


SECTION 


Cobaltt  Nfckil 

O.  GLEM5ER 


Metallic  Cabals 

L Prepared  by  reduction  of  precipitated  cobalt  oacaiate  with  hy- 
drogen. 

Cobalt  oxalate,  precipitated  in  the  cold,  is  dried  at  120*C 
and  ground  to  a fine  powder.  It  ia  then  reduced  with  Ha  {six 
hours  at  600 “C),  with  the  temperature  being  raised  rapid^  at 
the  beginning  of  the  tun.  The  product  is  cooled,  ground  aw/t  re- 
duced once  more;  the  fine  metal  powder  ie  stored  in  a glass 
vessel  under  alcohol. 

n.  VERY  PORE  COBALT 


Impurities,  principally  Fe,  Cu  and  Ni,  are  removed  by  various 
precipitation  reactions  and  by  electrolysis.  Finally,  very  pure 
Co  is  deposited  electioljrtically  from  a CoSO 4 solution.  According 
to  Kershner,  Hoertel  and  Stahl,  the  pure  metal  still  contains 
O.OOl-D.002%  M,  0. 001-0.003%  Fs,  a maximum  of  0.001%  Cu, 
and  0.005%  S. 


A)  REMOVAL  OF  IMPURITIES 

A solution  of  the  cobalt  (II>  salt  is  treated  with  NSaCCs  > lOH^P, 
added  in  small  portions  and  with  stirring,  until  the  pH  reaches 
3-5;  then  IN  KssCOs  solution  Is  added  until  the  oobalt  carbonate 
Just  barely  precipitates.  The  precipitated  carbonates  are  ror 
moved  by  filtration.  Following  this,  8 ml.  of  a saturated  aqueous 
solution  of  1,2-cycIobexanediope  dicndme  is  added  for  oatdi  10  mg. 
of  Ni,  Cu  and  Fe  present  in  the  filtrate.  The  Hi  precipitates 
out;  the  suspension  Is  heated  lor  one  hour  at  90-9S*C  with  oooa- 
sional  stirring,  and  the  precipitate  is  filtered  off. 

The  solution,  which  should  now  contain  about  10%  is 
Justed  to  a pH  of  5.B  with  H^*orNasCOj,  Then, 
of  pyridine  is  added  per  liter  of  solution;  the  latter  is  electrolysed 


1513 


tSl4 


o. 


d as*C  (Stirring),  «sine:  « mercury  catiiode  (206  cm.®  of  surface 
^ « Snum  sheet  anode-  The  cathode  potential  stays 
rtnnfrtwt  at  0 78  volt.  At  a Ni  content  of  O.OS-0.10  g. /liter  of  solu- 
SSTSfl  electrolysis  requires  eight  hours;  at  a level  of  0.5  g.  of 
Ki/Ttter  It  takes  24-32 

Nt/Iiper^  n ftUPTfld  tbp 


^iter  It  takes  24-a:^ 

After  the  electrolysis p the  solution  is  filtered  and  the  Co(OH); 
nreclDltated  from  the  filtrate  by  addition  of  NaOH.  The  precipitate 
is  wa^ed  by  decantation  with  hot  distilled  water  until  the  odor  of 
pyrldioe  Is  no  longer  apparent.  The  precipitate  is  then  filtered 
^ and  dissolved  tn  dilute  HaSO*  in  such  a way  as  to  give  a solution 
containing  90-100  g.  of  Co.  This  solution  then  oqnstitutes  the 
starting  material  for  the  electrolytic  separation  of  the  metal{aee 
the  following). 


ti>  SEPARATON  OP  THE  METAL 

Thfi  electrolysis  cell  is  a 4'llter  beaker  with  a side  arm  thro^igh 
wbich  the  solution  can  overflow  Into  a collecting  vessel.  To  avoid 
contaminatioci  from  external  sources,  the  cell  and  collecting  vessel 
are  placed  in  a glass  cabinet,  The  solution  is  passed  through  the 
oeQ  at  1-2  liters  per  hcur^  the  pH  being  maintained  at  1*2-1, 6 
by  addition  of  the  pyridine-frce  C0SO4  solution.  The  electrolysis 
conditions  are:  three  platinum  anodes  and  two  titanium 

cathodes  ithe  latter  having  about  the  same  surface  area  as  the 
anodes)*  cathode  current  density  40  amp,/iru^  The  deposit  of 
highly  purified  cobalt  can  be  removed  from  the  titanium  cathodes* 

To  avoid  accumulation  of  impurities  in  the  electrolyte,  the 
latter  is  periodically  {a£  the  need  arises)  reprocessed  according 
to  the  procedure  ^ven  in  subsection  A oa  removal  of  impurities 
IfUtration,  precipitation*  washing  and  redissclution  in  K3SO4)* 

Alterwte  method:  Heduction  of  CoO  or  C03O4  with  Hg  for 
five  hours  at  S00"C  {Gmoiln*  fith  ed*,  volume  on  cobalt]* 


raoPEBrriES] 

w metallic  powder*  M*p*  1492 "“C* 


B£rER£NC£S[ 


25  (1924K  Q.  F.  Hiatlg 

n.  t MI.  24  a930j. 

ior  bS  W.HoertelandJ.c,  Stahl.  U.  S.  Dept,  Inter- 

Bur.  Mlnee  Rep.  Invest,  19§6,  I (Chera,  Zentr.  1957,  265J. 


COBALT^  MCK^L. 


L 


Cobdit  (II)  Chloride 
CoCl, 

CqCU  + 0SOC1,  ==  CoCU  + 12HQ  + 6S0i 

129.9  4^S  3M-4 


i9» 


. ; ■> 


m^o] 

s:5.s.o 


Fine  CoCla  - 6H3Q  powder  is  placed  ia  a Oaslc  provided  with 
a ground  joint  and  covered  with  SOClg,  The  mixture  is  refluxed 
for  several  hours.  The  excess  SOCl^  Is  then  eiv&porated  on.  a 
steam  bath.  The  SOCl*  which  clings  to  the  product  ia  removed  by 
repeated  evacuation  of  the  flask. 

U,  Cn(CH,COO),  4H;0  4 6CH,COCl  - 
24^.1  4n.a 

CoCls  + 2(CHjCO)*0-h  4CHiCOOH  "F  4HQ 
] S9.9  S04.2  340.2  H5.fl 


A Pyrex  tube  10  x 200  jnm.  is  chai^d  with  4. 0 g^  dllne 
Go(CH3COO)s  ‘ 4HdO  powder*  It  is  then  Closed  off  With  a rubber 
stopper^  the  latter  carries  a dropping  funnel  and  a fritted^glass 
filtering  finger*  Then,  15  ml,  of  ben^ne  is  added  with  agitation 
(magnetic  stirrer},  followed  by  CHaCOCl  {alow  addition  until 
about  10%  excess).  The  mixture  la  atirred  for  30  minutes,  the 
CoClq  precipitate  allowed  to  settle,  and  the  mother  Uqpor  siphoned 
off  through  the  filtering  fingei".  The  residue  is  treated  with  ben- 
iene  and  GHaCOCl  to  complete  the  reaction-  The  supernatant 
liquid  is  removed  by  filtration  and  the  CoCla  Is  washed  three  or 
four  times  with  anhydrous  benzene;  it  is  then  dried  for  two  hofiirs 
at  ISO^'C  under  nitrogen. 

Alternate  methods:  a)  Heating  of  CoCla  - 6HaP  with  COOli*; 
in  a sealed  tube  at  200^C  fH*  Hecht  {J1947)]. 

6)  Heatii«  of  CoCla  * 6 H3O  iIlast^e^lInof  dry  HCl  nt  l60-t?0*C 
[G.  L,  Clark,  A.  J.  Quick  and  W.  D.  Harkins,  J.  Amer.  Cheiu.  Soc. 

2483  (1920)].  Simple  heating  at  140*C  yields  a somewhat  basic 
salt, 


FHOP£a'rtE&: 


Leaflets,  colorless  in  very  thin  layers,  pale  hlue  in  i 
1 mm.  thick.  M.p.  735*C,  h.p.  l049*Cf  df®  3.3B7.  Heat  of  tosnate- 
tion  (2S’C);— 77,8  koal./mole.  Decomposes  on  long  heatlzjg  in  air 
at  400"C,  Sublimes  at  S00*C  in  HCl  gas,  forming  loose  qryaWi- 
line  fragments.  HygroBCoplo.  Solubility  in  HaO  (g,  of  CoCla/lPt^lS* 
of  solution):  29.5  (0*C)i  34.86  (20^C);  Bl.93  (98"C>.  SoliJKrtt iSf 


tsi« 


O.  GUEH^Eft 


ethMol,  acetone,  pyridine  and  ether.  Cryatal  structure; 


MFEREHCES: 

1 n Hetihi  Z*  anora*  Chei^i-  3Mi  51  (1347}- 
n Q wTwatt.  P,  S.  Wtile  andE.P.  Helvenston.  J.  Amer.  Chem. 

' S^.  77- 2^52  U955). 


HexcamminecobaH  (N)  Chicridle 
[Ca(^H,)i]Ctt 

CoCfi  -t-  6NHi  ^ [Co(NH,),]CIj 

A rabdure  of  15  g,  of  CoCla  ^ 6 H aO  and  14  ml.  of  H^O  is  heated 
to  boiling  in  the  absence  of  atr  and  treated  hot  with  sufficient 
COQC.  HHa  10  produce  complete  solution;  the  solution  la  then  filtered. 
Deaerated  alcohol  (air  boiled  out  imder  r^Dux)  Is  added  to  the  hot 
filtrate  until  a permanent  clouding  is  Just  barely  obtained-  The 
solution  is  coaled  in  runjung  water  and  the  solid  thus  precipitated 
is  filtered  off-  It  is  washed  with  lil  cone.  alcohol,  then  with 
the  same  mixture  in  1:2  ratiOj  and  Lastly  with  deaerated, 
saturated  alcohol.  The  product  is  dried  over  KOH  in  a high  vacuum. 
Yield;  7g- 

The  precipitation,  washing,  filtration  and  drying  moat  be  carried 
out  In  an  O^-free  atmosphere  (for  techjolque  see  Part  I). 

Altermte  method:  Faasage  of  NHg  over  CoCla  at  roomtem- 
perature  [W.  Blitz  and  B.  Fetkenheuer  (1914)1 


PHOrERTlEB: 

Fiesh*colored  powder  or  rose-red  crystals-  In  high  vacuum 
over  (65-67^C),  converts  to  bliie  tmM-tCoClrfNHJsl- 

^ gradually  oxidized  in  air  when 

. Rcaduy  soluble  in  dil,  ammonia,  sparingly  soluble  in  conc- 

insoluble  in  alcohol,  di®  1.479,  Cjyatal  structute:  Jli 
(KaPtClej  type. 


UTEUfHCE; 

W.  BUtz  and  B,  Fetkenbeuer.  2.  anorg.  allg.  Chem.  89.  97  (1914). 


ZB.  COBALT^  HICKCL 


■ :r; 

Cobalt  (U)  BroiAld« 

CciBrt,  CoBti  ' 6 HrO 

ANHYDROUS  CoBr* 

J,  CoBr,’6HiO  - CoBr.  + 6Hrf) 

336.P  2lS,S  m.\ 

Prepared  by  careful  heating  of  CoBrg  + to  13O-lS0*Ct 

followed  by  sublimation  in  high  vacuum  at  500 **0^ 

II,  Treatment  of  Co(CHaCOO)^  * 4 With  CHgCOBr  la  benzene 
in  a manner  analogous  to  the  preparation  of  CoCl^. 

Alternate  methods:  a)  Heating  of  CoBr  a * in  a stream  ^ 

HBr  at  500 "'C  [G.  Crat,  Bull.  Soc.  Chlra,  France  [4]  35,  650  (1024)1:. 

b)  ALlowing  CoBr 3 * BHgO  to  stand  for  one  week  over  oooc. 
HaSO*  [G*  L.  Clark  and  H*  K-  Bruckner  (i&22)]. 

S^ROPEKTlES: 

Green  solid  or  lustroua  green  cj^stalline  leaflets-  M*p*  678* 
(under  HBr  and  K a)  ;d|*^4*909.  Heat  of  format  ion;  -^63.8  koal./mole^ 
Hygroscopic;  in  air,  transforms  to  CoBra  * € Hrf)*  Beadily  soluble 
In  HaO  (red  color).  Saturated  aqueous  solution  oontaias  66*T  of 
CoBra  at  59*C*  68,1  g,  at  97^C  (per  100  g,  solution),  Boadily 
soluble  in  methanol,  ethanol*  acetone  and  methyl  acetate;  sparb^Iy 
soluble  in  tetranitromethane-  Crystal  structure:  CBtype- 

ttEFEHENCBS: 

G,  L,  Clark  and  H.  K,  Bruckner,  J,  Amer.  Cbem.  Soc*  230 
(1933);  W,  Bilt^  and  E,  Btrk-  Z*  anorg*  allg,  Chem*  J27,  34 
(1923);  G-  W.  Watt,  P.  S,  Gentile  and  E,  P*  Helveston, 
Amer,  Chem,  SoC-  77,  2762  (1966), 

C«Brt*6H^ 

Precipttatwl  cobalt  carbonate  ia  dis solved  In  aqtieouB 
td  1,49).  The  solution  is  heated  on  the  steam  bath  until  a 
blue  color  appears;  it  is  then  concentrated  by  evapoiratljc^  ' 

steam  bath.  Cooling  in  ioe  water  precipitates  oiy^t^a  ' 

boxahydrate;  those  axe  filtered  off  and  wasted  with  ice^^nralje'^ 


PnOPESTIES; 

Formula  weight  326.88,  Bed  crystals.  M.pi  47-48*C;  dS,® 
Deilqueaoent  in  air.  All  water  is  reiiMwed  by  Idaiaiing  ov^ 

HaSO  4 OP  by  heating  to  130-140*C.  ‘ * 


ISIt 


o,  GLEMSttR 


O.  L.  ClMlt«KlH.K.BniOkner.  J.Amer,  Chem.  Soc.  44,  230(1922). 
Cobalt  (II)  Iodide 


a*Coli,  ^-Coli,  Co*i  ■ ® HiO 


ii>Ool) 

o + 2HI  = Colj  T Hi 
w,9  ass^  3ia^  S2,4I, 

Fine  Co  powder  obtained  from  cobalt  ojcnlate  is  heated  to  400- 
500*C  in  a stream  of  HI  (4-5  hours).  The  product  iodide  Is  melted 
by  heating  to  eSO'C  and  allowed  to  cool  in  high  vacuum. 

iFftOPEFTOia; 

Black,  graphitelike  solid.  M.p.  515-520-0  (in  high  vacuum) i 
d|®  &.5B4.  Heat  of  formation:  —39.13  kcal./mole,  SolublLity  in  H3O: 
5fl.7%  (-2'’C)l  65.4%  (2S-C);  80.9%  (IH-C).  Dilute  solutions  are 
red:  oonceat rated  soiutlona  are  red  at  low  temperatures,  while  at 
higher  temperatures  all  shades  from  brown  to  olive  green  are 
present.  Very  hygroscopic,  becomes  blackish  green  in  air.  Solu- 
ble In  SOCl,,  POCb-  Crystal  structure;  C 6 type. 

HEFEHENCE: 

W,  BUtz  and  E.  Birk.  Z.  enorg.  allg.  Chem.  127.  34  (1923). 


SubUmation  of  a -Cola  in  high  vacuum  yields 
^"Cola. 

The  starting  a -Cola  is  placed  at  location  a of 
the  tube  shown  in  Fig.  333  and  heated  slowly  in 
a hi^  vacuum  to  B70-5T6*C.  Cobalt  metal  re- 
mains as  a residue  at  a , and  a black  sublimate 
of  a -Cola  is  deposited  at  b.  Oehre-yellcw  jS- 
Coia  ai^ars  at  r,  as  do  the  la  crystals  present 
te  the  tube.  The  tube  is  placed  in  a horizontal 
fiiniace  in  such  a way  that  the  section  from  a.  to 
oU  at  100"C.  The  section  projecting  from  the 
™aaoe  is  fanned  with  a flame  until  all  Ig  col- 
. loosely  adhering^ -Col a is  shaken 

JTt,.  ^aratus  is  filled  with  Na, 

i JIT  ^ ia  Efialed  off.  About  0.8  g. 

« ^-Cola  la  obtained  from  10  g.  of  a -Cola. 


i 


9^ 


aO 


rig.  333,  Sub- 
limation ofco^ 
bait  ( a)  iodide. 


2&.  COSAUTt  NICKEL 


Ochre-yellow  powder*  6,45,  Very  hygroacaplc; 
in  moist  air,  forming  green  droplets.  Solution  in  Hrf>  1b  oolofliMiL 
becoming  rose-colored  on  heating.  Blackens  at  400 *C  «d4  bcjfe 
verts  to  a -Cola.  ^■ 


REFERENCE: 


y . 


E.  Birk  and  W.  BUU.  Z.  anorg,  aUg*  Chem.  lao,  4Sa92S). 

Colt  ■ 6 H±0  ^ ' '■ 

Precipitated  cobalt  carbonate  or  Co(OH)j3  Is  dissolved  in  acEueouB 
Hip  The  solution  is  concentrated  on  a steam  bath  to  a strigiy  con-' 
aistency  and  is  then  allowed  to  cooL  The  product  ia  filtered  off 
and  washed  with  some  water. 

Altemate  Tnethod;  A solution  of  Co!^  tn  water  is  cooledto  n 
low  temperature  fG*  L,  Clark  and  H,  K,  Bruckner,  J,  Atncr.  Chem. 
Soc,  44*  230(1022)]. 

PHOf’ERTIES: 

Formula  weight  420*86*  d 2.90.  Long,  dark-ted  ctystdei  vhlch 
begin  to  lose  water  of  crystallization  above  2T”C  and  become  fib- 
h3rdrouE  at  130'^C. 

HEFERENCES; 

O.  Frdmajm,  J.  prakt*  Chem  [1]  7*  254  (1836)?  A,  Etard.  Ann.  Ch% 
Phys.  [7]  2,  503(1894)*  ; ;; 


Co  bo  It  [H|  Oxide 
CoO 

Prepared  by  thermal  decomposition  of  cobalt  salts  cont^jiidiisg 

a volatile  aoid  moiety.  iii: 

Cobalt  carbonate*  precipitated  from  Co(N03la  * SHaO 
aqueous  Na^COs  in  the  absence  of  air*  is  heated  for 
in  high  vacuum  at  350*€.  ' 

Analysis  tor  active  oo^gen  is  necessary  (treatment  with  . 

chloric  acid  and  determination  hy  the  Bunsen  method),  ^ 

Alternate  method:  (The  product  is  ^ ' • 

ocunposition  CoO):  beating  of  CoCNQ^Ja  S«aO  V-'V- 

lOao®C  and  oocllng  In  a stream  of  Ng  * - • ^ 


a GUCMSEft 


Rtfiwaa  74.9*.  di*  6.47.  Heat  of  formation: -57, b 

fci»i  A»<de.  OUTO-meen  powder;  takes  upOa  from  air  at  room  tem- 

stable  In  air  when  calcined  at  a high  temperature. 
Cmveiis  to  Coi04  on  beating  in  air  at  390-900*C.  Readily  aoluble 
in  HCl.  HiSOa  and  HNOs.  Fine  CoO  powder  is  also  soluble  in 
ootto.  wifcoJi-  Crystal  slruoture:  Bl  (NaCl)  type, 

a£F£RaKCE: 

M.  Le  Blanc  and  E,  Moebius,  Z.  phys.  Chem.  (A)  142,  151  (1929). 


Cobalt  Oxide 


Precipitated  cobalt  carbonate  ie  heated  for  one  hour  at  700“C, 
Analysis  for  active  oxygen  is  required  (treatment  vdth  hydro- 
chloric acid  and  determination  by  the  Btmsen  method). 

Altermte  methods!  a)  Heating  of  Co(NOa):;  ■ 6 HaO  at  700"C 
tcruclble,  one  hour)  [J,  A,  Hedvall  and  T.  Nllson). 

i>)  Heating  of  CoO  in  air  at  700*C  fL.  Wohler  and  O,  Balz, 
Z,  Elektrochem.  405  (1921)J. 

PROPERTIES’ 

Formula  weight  2404  02,  d 6*073*  Heat  of  formation:— 206 J 
kcalVniole.  Blackish-gray  powder-  Converts  In  air  to  CoO  {965- 
925*0-  Coarse  CTystalline  Co^O^  la  attacked  only  by  oonc» 
fine  powder  disaoives  slowly  in  acids-  Crystal  struoturoi 
H 11  (spinel)  type, 

9£F¥I1£NCE: 

J.  A.  HedvaU  and  t,  Nilaon.  Z.  anorg.  allg.  Chem,  42b  (1932). 


Cobaft  lUl]  Hydroxtd# 


CoO(OH} 


Co(NO,J*  + 3XOH  + ViBt, 

W*l  ISRJl  79.6 


= CoO(QH)  + 2KNO,  + KBr  + H,0 
01.9  em  HOD 


ia  300  ml,  of  HiO  I9  added  drc^pwli# 
w a •oletlon  of  90  g,  gf  Oo(NOfl)3  • 6H2O  and  12  ml,  o| 


COBALT,  NICKEL 


Bra  in  1300  ml.  at  HiO.  The  resultli^  precipitate  eetUee  lutigb^ 
three  hours.  It  Is  washed  fay  decantation  with  four  5-UteT 
of  COa^froe  water.  Should  the  precipitate  undergo  p^lnitfilr^ 
repeated  addition  of  wash  water  i it  Is  filtered  on  a 
membrane  filter,  suctlon-drled  and  slurried  in  five  lltecre  of 
CO^-free  water.  The  sluriy  is  filtered  as  above  andtbeisdtlS 
dried  in  a vacuum  desiccator  over  cone.  H,SOi.  ' 

All  operations  (preetpitatioa,  decantation  and  filtration)  muftt 
be  conducted  In  a COs-free  atmosphere.  After  drying  Ijvthe 
vacuum  desiccator,  this  precaution  Is  no  longer  necessary. 

Alterruile  ttieihads:  o)  Air  oxidation  of  a solution  CoOla  ' 
6HaO  in  aqueous  NaOH  [W.  Fettkoecbt  and  W.  Bedert,  Helv, 
Chiitt.  Acta  24,  683  (1941)1. 

h)  Precipitation  of  [Co(KHj}«}Cl3  with  aqueous  KOH  [Q.  F. 
HuU^  and  H.  Kassler  (1929)). 


ANALYSES  aEqUmSD: 

Co  (electrolytic),  HgO,  COg,  and  active  oxygen  (treatment  with 
hydrochloric  acid  and  determination  by  the  Bunsen  method), 
Used  as  an  oxidation  catalyst. 


PROPaRTlES: 

Black  powder,  d 4,29-4,90,  Converts  to  Co^O*  on  heating  hi 
vacuum  at  148-150*C.  Dissolves  in  HCl,  evolving  Cla-  Soluble 
in  RNOg  and  HaSO*.  Not  attacked  by  aqueous  alkali  or  ammonia. 
Solution  in  organic  acids  such  as  oxalic  or  tartaric,  accompeteted 

by  reduction.  , 

HEFEftENCE: 

G.  F,  Huttig  and  R,  Kassier.  Z.  anoxg.  al^.  Chem.  1J4,  279  (i9a9)> 


Co  bolt  (M)  Hydroxide 
Cd(OH)i 

Co(NO,)t  + 2 KOH  = Co(OH),  + 2KNO* 
UE.2  33,0  202.2 


ROSE-COLORED  Co(OH)a 


~ 

■■  r ■ i/y.} 
I,'  .V-T’if 


A solution  of  40  g.  of  Co(N03)a  ■ ^ 

cooled  to  0*C,  is  added  dropwie©  and  with  vigorcfus 
Boiutiem  of  40  g.  of  KOH  in  500  g.  of  H^O  maintained  at 


0.  cueMS£R 


IttI 

b(««  color  of  the  preclpURte  rapidly  turns  to  rose.  The 
ifi  washed  decantation  with  CO  a-  and  Oa-free  water 
K*  uhI  NOs“  lows  can  no  longer  be  detected.  It  ta  then 
otr^  (fried  in  e desiccator  over  50%  H,SO*. 
le^toltiUon.  washing*  filtration  and  drying  must  be  carried 
adt  in  an  atmosphere  free  of  CO,  and  0 a*  since  Co(OH)  a oxidiaes 
'fory  readily  tfor  technitine,  see  Part  IJ. 


AtiALVSES  REgmUtH: 

Co  (electrolytic)  HaO  aod  CQa- 

PHQPERTIES; 

Rose-red  powder*  dj®  3*597,  Heat  of  formation;  — 63*4  kcal.  per 
mole*  Converts  to  CoO  + when  heated  in  vacuum  at  16S*. 
Oxidation  leads  to  higher  cobalt  liydroxides.  Readily  soluble  ia 
acids,  insoluble  Ln  dll.  alkalies,  appreciably  soluble  In  ammonia. 
Crystal  structure:  C 6 type., 

RETEftEWCE: 

G-  F.  HUttig  and  R,  Kassler.  2.  anorg*  allg.  Chem,  I&7,  16  {1930), 
BLLT  Co(0H)2 

A email  excess  of  NaOH  solution  is  added  to  a 0.1  M cobalt  salt 
solution  ODDtaluing  about  1%  glucose.  The  precipitate  is  thoroughly 
washed  In  the  absence  of  air  with  aqueous  alcohol,  aqueous  acetone 
and  fuiaily  with  pure  acetone*  It  is  then  dried*  The  resulting  blue 
hydroxide  changes  color  very  readily  on  drying  (oxidation). 

When  only  amali  quantities  are  needed,  5 ml.  oftheO*C, 
0*1  M cobalt  salt  solution  is  treated  with  5,2  ml.  of  carbonate- 
free  0.3  N fTaOK  in  a small  Erlenmeyer  flask*  The  precipitate 
Md  the  mother  liquor  are  poured  at  once  into  a centrifuge  tube 
chilled  In  tce^salt  mixture  and  frozen.  The  tube,  containing  the 
iTOzeo  block  of  solution  plus  precipitate,  is  then  removed  from 
the  ice-salt  bath;  as  soon  as  the  block  detaches  from  the  glass  tube 
It  ^crushed  in  a porcelain  mortar  and  melted  in  the  centrifuge 
addition  of  26^  alcohol.  The  precipitate  is  rapidly  centri- 
lugeo  and  washed  twice  with  chilled  aqueous  acetone  and  with 

^ acetone  clinging  to  the  blue  precipitate  Is 
evaporaiea  in  vacuum,  ^ 


ramwriEa: 

'‘double- layer  lattice,*’  related  to 


2S.  COHAUT*  NrCKCC 


nEFE^ENGE: 

W.  Feltknecht*  HeLv,  Cblm.  Act&  21 » 766  (1938)  avd  prinito 
municatiGn* 


Cobolt  Sulfidof 


Co^i^  CoiSif  CofS^ 


a-CoS 


Co(NOi)*  -h  H,S  = CoS  + 2HNOj 
29L1  SS.Jf.  9J,0  125.0 

Precipitated  m the  same  way  as  a-NiS*  The  product  id  dried 
for  90  hours,  with  the  tamperature  raised  slowly  from  100  to  640*C* 
The  sulfide  dried  at  SOO^C  Is  pyrophoric. 

Catalyst  for  pressure  hydrogenation  of  orgerio  compounds. 

PROPERTIES: 

Black  powder,  soluble  in  KCl,  Forms  Co(OH)S  in  air*  Aiwr^ 
phous  {by  x-ray  analysis)*  Heat  of  formation:  —21-71  lEcal-Zmole* 

REFERENCE; 

E*  Dongas,  Z,  anorg,  Cbem*  253,  346  (1947), 

^^CoS 


Co  -h  S — CoS 
S5.9  32.1  51.0 


Fine  Co  powder  Is  mixed  with  the  Btolcbionuetric  quantify  of 
fine  S powder  and  heated  at  SSO'^C  for  2-3  days  In  an  evacuated^ 
sealed  quarts^  tube.  The  tube  Is  then  quen<^d  in  cold  watept 
Analyses  for  Co  and  S are  necessary*  The  compound  is  usw 
as  catalyst  In  the  hydrogenation  of  organic  compounds* 

Alternate  tnethod:  A 1 If  solution  of  CoCU  is  treatedwt^ 
acetic  acid  and  precipitated  with  HaS;  workup  Is  the  same  as  1» 
case  of  a -CoS* 


PROPERTIES:  >/( 

Gray  pewder,  M.p.  llSfi'Cs  d 5.4B.  Soluble  In  Roids,  CrystiJ 
structure:  S8  type*  Long  heating  at  200^C  produces  amodiflca* 
tlcm  with  a complicated  structure*  Material  wifh  an  overaU 
formula  CoSx*o  ie  not  homogeneous;  the  CoS  phase  has 
position  CoSx,o*-CoSx,i3*  ^ ^ 


1U4 


O,  (£LEM££fl 


D.  •»«  A-  ® 

DHnges-  anorg*  Chem*  253,  346  11947), 


CA 

I Co  -H  ■■■ 

W-1  133.1 

Stoichiometric  quantities  of  Co  and  S powders  are  mixed  and 
reacted  in  the  same  way  as  described  in  the  case  of  CoS, 

IL  REACTION  Oi'  H^S  WITH  rOFSAET  [l\D  CO^^!"U^\K3 

Dry,  Ha-free  HaS  is  allowed  to  react  with  [Co(NHfl)  e^ClJCla 
or  [Co{I^aa)a)Cl3.  The  temperature  is  raised  to  60t)-63{)®c  over 
a period  of  one  houTt  and  maintained  at  this  level  for  two  hours. 
The  product  is  allowed  to  cool  to  200°C  in  the  stream  of 
then  the  H^S  is  displaced  with  dry  CO5  and  the  product  is  cooled 
further.  It  Is  sensitive  to  air;  it  is  heated  with  S in  a sealed  tube 
(one  day  at  750 ""C),  and  the  excess  S is  extracted  with  CSs  BLfter 
the  reaction  is  complete. 

Analyses  for  Co  and  S are  required.  Used  as  a catalyst  in 
otgaoic  syntheses  i 


FHOPEHTEE; 

Qray-black  eryatalline  powder;  d 4,269,  Liberates  S when 
heated  in  absence  of  air.  Not  attacked  by  nonoxidiaing  aclde  or 
alkalies*  Crystal  structure:  C 2 type. 

imrEflEMces; 

1.  D,  Lundquist  and  A.  We&tgren,  Z.  anorg.  allg,  Chem.  239,  8& 

(1938).  B 6 

n.  O.  and  W.  Bilta.  Ibid.  73  (1935). 

Co,S4  (Hll  type)  and  CoiSt  (cubic  crystBlltne)  are  prepared 
r ^ -CoS:  heating  stoichiometric  quantities  of 

j ° in  aji  evacuated,  sealed  quartz  tube  at  650*C. 

[D.  Lundquist  and  A,  Weatgren  (1938)], 


Coholt  {IH}  Suffatfl 
CQ,(50|),‘19Hi0 

to  lS55°o^.Sl?S?C  »'  OoSO.  ■ T H-O  (tormal.  »t.  281. 


COBALT*  NJCK£L 


tm 


A poTDULs  Olay  cell  (about  120  toI^  oapaoity)  1b  ohuged  wMb  a 
solution  of  24  g-  of  CoSO*  * TH^O  in  75  mL  ii  warn 
A cylindrical  P£  sh^et  (4  cau  high*  12  cm*  wldB]i  wfaicb 
as  anode,  is  also  inserted.  A Pt  vdre  welded  to  tbe  sboet  bbtvw 
as  the  electrical  lead*  A Cu  cylinder  (8  cm.  high)  with  a euttalilB 
electrical  lead  is  placed  around  the  clay  cell  and  serres  ae  tbe 
cathode.  The  oalhode  electrolyte  Js  8 N H^SO^  The  eleotralyslB 
vessel  is  cooled  in  ice  water*  The  electrolyBls  starts  when  the 
anode  electrolyte  has  reached  30*  C and  tahes  about  12  hourSi 
The  thick*  deep-hlue  suspension  is  rapidly  filtered  throu^  a 
fritted- glass  funnel  and  is  then  pressed  dry  on  a Clay  plate  with 
a Pt  spatula* 

Alternate  method:  Gaseous  Quorizue  is  passed  throng  an  Ice- 
cold  solution  of  24  g.  of  CoSO*  - THgO  in  150  ml.  of  8 N 
[F,  Fichter  and  K,  Woifmann,  Helv,  Chlm-  Acta  9, 1093  (1926>]« 

PBOPEftTlES] 

Formula  weight  730.37,  Lustrous*  blue-green  leaileta*  De- 
composes  rapidly  in  ice-cold  water*  liberating  and  yieldl:^ 
CoSO  ^ Dilute  H3SO  4 gives  a green  solution  which  is  stable  f03^ 
several  days.  Aqueous  NaOK  precipitates  CoO(OH)*  Decoinpofifea 
rapidly  when  heated  in  dry  air*  forming  a brown  (later  reddJeW 
powder.  Powerful  oaddlaing  agent, 

HEFEBENCE: 

E,  Muller,  Elektrochem*  Pralctlkuin  [Laboratory  Manxml  for  EleC" 
trochemistry] , 5th  ed.*  Leipzig*  1940,  p*  218* 


Cobolt  AlumTnote 
CqAIjOi 

CoO  + Al*Oa  = CoAlfOi  / 

A Stoic hiotnetric  mixture  of  CoO  aiid  AI4O3  te 
then  mixed  with  l.S  times  its  weight  of  KCl,  The 
heated  to  about  1100®C  in  a porcelatn  Oiuctble,  The  melt  Is  oRSi^V 
pulrerixed,  and  extracted  with  boiling  water  uotU  09 
reaction  is  obtained.  The  residue  is  dried  at  60*C  in 
oven.  ^ 


V- 

■ T '* 


svTfoimti 

Thenard*s  blue, 
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PR0PKRTB5; 

M n 1700-1800°;  di®  4.37.  Not  attacked  by  CU,  mineral  aoida 
..  alkalies.  Decomposed  by  fUaion  with  KH5O4  and  by 

with  H^4  hi  « sealed  tube  at  200“C.  Crystal  structure: 

HU  tspinel)  type, 

REFES£KCE3: 

J,  A.  Hedvall.  2.  anorg.  alig.  Chem.  92,  305  11915);  72  {191 6J. 


Hflxooinmjfletobolt  (ttJ)  Nitrdte 
[Co(NH,),](NO,). 

[Co(NHil,lCl,  3HNO,  = [Cti(NHj),l(NOj)j  + 3HCl 

567,5  139-0 

A solution  of  [CotNHalejCla  in  a minimum  quantity  of  water  is 
prepared  and  dil.  KNO3  is  added;  the  resulting  precipitate  is 
washed  with  dil,  HNOa  until  free  of  the  chloride  ion,  then  with  90% 
alcohol  until  free  of  acid. 

PROPERTIES: 

Yellow  tetragonal  prisms,  d^®  1.804.  Solubility  in  HaO  in 
molea/Hter:  0,0202  (0°C);  0,052  (20“C);  0,0704  (30“C). 

REFERENCB; 

S,  M,  Joigenaen,  Z,  anorg.  Chem.  17,  457  {1898). 


Cobalt  (Itll  Amide 
C*{NH.). 

Fluffy  CotNH^Ja  precipitates  upon  addition  of  RNHato  a solu- 
tion of  [Co(NH3)  ej  (NO  a) 5 in  liquid  NH^. 

tCe(NH,),)(NO,)j  + 3KNH(  = Co(NHi)j  + 6NH*  + 3KNO, 

IOTA  lOZ-Z  303.3 

^ entirely  free  of  oicygen 

hnttjA  1e  then  passed  through  a wast 

® eolld  KOH.  and  two 

PaOs*  The  stream  of  Is  then  led  to  a naanlfoldi 
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from  which  it  may  be  <llrected  through  stopcocks  to  various  w* 
action  vessels  and  auxiliary  apparatus  such  astratiaforasd  stori^ 
tubes.  A branch  terminating  in  a mercury-filled  beaker  serves  AS 
a pres  sure -relief  valve* 

In  addition*  a stream  of  very  pure 
NHa  is  requiredj  this  may  be  taken 
from  a storage  cylinder  which  con-' 
tains  some  Na  metal.  The  NHa  is 
passed  through  a dryii^  tube  con- 
taining NaNHa  and  then  a frltted- 
glass  disk  (not  too  fine)  to  remove 
any  entrained  solid  particles.  The 
NH3  line  has  two  side  branches*  one 
terTTiinating  in  a vent  Stopcock*  the 
other  in  an  Kg  manometer.  The  NHa 
line  must  be  capable  of  withstanding 
pressures  to  about  iO  atm.;  tbusp  it 
must  contain  no  ground  joints  and 
only  a few  well-secured  stopcocks* 

The  NH3  line  itself  terminates  in 
the  above-mentioned  manifold* 

The  reaction  takes  place  in  the 
pressure -resistant  vessel  shown  in 
Fig*  334.  This  vessel  and  accesaory 
equipment  are  attached  to  the  mani- 
fold via  flexible  couplings  made  of 
lead  tubing  or  corrugated  pinchbeck 
(copper-zinc  alloy);  thus*  they  may 
be  connected  to  the  Ka  or  NKg 
streams,  as  desired*  and  also  can  be 
moved  to  some  extent. 

The  pressure  apparatus  is  first  heated  while  the  Na  stream 
passes  through*  Then,  1.6-2  g-  of  is  admittod 

through  di  from  a charging  funnel  and  placed  on  the  fritted- gjass 
disk*  The  tube  Is  then  sealed  at  c*  Next*  a few  mg*  of  Pt  black 
and  the  required  quantity  of  metallic  K (3  moles  of  K per  mole  of 
[Co(NH3)a](N03)3  + 5%  excess  K)  are  placed  in  reactor  t,  and  the 
tube  is  sealed  at  iK  The  stopcock  on  the  Ng  line  Is  closed  and  th© 
valve  on  the  NH^  cylinder  is  opened.  When  the  manometer  in  the 
NHa  line  shows  about  4 atm**  the  valve  is  closed  andtte 
vented  to  the  atmosphere  by  opening  the  vent  stopcock.  Tjito 
purging  process  is  repeated  three  times  to  displace  the  Na 
the  apparatus.  Then  reactor  fc  is  Immersed  in  Jce-atft  ihbtturtfi 
the  valve  on  the  NHg  cylinder  fitlly  openedt*  and  NHa  allowed  to 
condense  in  b until  the  latter  is  3/4  full  of  fiquW,  Stopcock  is 
then  olosed  and  tube  u is  cooled  so  that  NHa  dietlHa 
* The  hydrogen  evolved  In  the  reaction  of  K with  i^  girted 


Fig*  334,  Pressure  ves- 
sel for  preparation  of 
cobalt  (HI)  amide.  Stop- 
cock h and  associated 
tubing  are  perpendicu- 
lar to  the  plane  of 
diagram*  The  plug  in  h 
is  held  in  place  by  a 
clamp  to  prevent  it  from 
being  blown  outby  pree- 
sure  In  the  apparatna^. 
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tram  timG  to  time  by^  carefully  opening  h and  the  vent  stopcock  in 
Iiiift  All  of  the  potassium  is  allowed  to  react,  wheretiy  all 
The  apparatus  is  then  tilted  Sile 
Sto?^*c<!olk  The  KNHa  solution  is  thereby  filtered  Into  a,  (at 

the  same  time,  the  apparatus  Is  r^ked  to  mix  the  conten  s} 
actor  b is  then  recooled,  thus reoondenslng the NH^  in  It;  this  liquid 
NH*  is  aeain  filtered  into  a.  This  procedure  is  repeated  three 
times  in  Older  to  react  all  of  the  KNKa-  The  reaction  mature  is 
allowed  to  remain  in  a for  six  hours  (ice  cooling  and  frequent 
shaking).  It  is  then  filtered  into  b,  the  precipitate  being  retained 
on  the  fritted-glasa  disk.  The  ammonia  is  again  evaporated  from 
b and  condensed  in  a,  shaken  there  With  the  solid,  and  filtered  into 
h once  more.  This  is  repeated  ten  times,  after  which  the  precipi- 
tate is  completely  free  of  KNOg.  Finally,  the  NHg  is  vented  by 
opening  h as  well  as  the  vent  stopcock  in  the  NHg  line.  Nitrogen 
is  then  introduced  into  the  apparatus,  which  is  then  inverted  and 
opened  by  breaking  the  seal  at  c.  The  amide  on  the  filter  plate  is 
crushed  with  the  aid  of  a bent  Ni  spatula,  and  transferred  <tn  a 
stream  of  Ks}  through  the  open  end  of  « into  a storage  device 
(see  Part  I,  Pig.  54b  for  the  latter).  This  storage  tube  Is  also 
purged  with  very  pure  and,  after  the  amide  has  been  Introduced, 
is  closed  with  a ground  stopper.  The  storage  tube  is  cooled  in  ice 
while  Nq  is  passed  over  the  amide  until  no  further  NHg  is  given  off. 


AN\LYSIS; 

The  product  amide  is  placed  in  a small  glass  bulb  (air  must  be 
excluded).  The  bulb  is  then  sealed.  The  following  may  then  be 
done: 

Determination  of  NHg:  Aqueous  KOH  is  added  to  the  amide  and 
the  liberated  NHg  is  distilled  into  a known  quantity  of  acid. 

Determination  of  Co:  The  Co(OH)  g which  precipitates  on  addi- 
tion of  KOH  is  dissolved  in  sulfurous  acid  and  the  Co  determined 
by  analytical  electrolysis. 

The  NOg  is  determined  with  diphenyl  amine. 

PaOPERTIES: 


Chocolate-brown  powder;  sometimes  pyropborlo.  Soluble  in dli. 

iki  color,  and  in  cold  water  with  brown  color; 

hau  V It^uid  gradually  deposits  brownish-black  co- 

^ vacuum  at  40-50"C.  Heating 
hi  liquid  NHg  prwiuceB  CoN.  C03N  and  GoNo.ga. 

KVEtteNCE; 

f and  B.  F,  Piepenbrinok.  Z-  anoJiSf. 

aUg.Chem.  gig,  175(194^1  *' 
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Dicobalt  Nitride 
Co,M 

2Co  + NH*  --  Co,N  + IViH* 

U7.9  131,9  S3.7L 

Ten  of  CogO^  is  reduced  with  pure  Ha  by  besttli^  tn  El 
corundum  boat  for  two  hours  at  350*C,  The  resultiig  Co  powder 
is  then  heated  for  three  hours  at  380*C  in  a stream  of  NHa  which 
passes  through  the  tube  at  Z2  cm7sec*  The  product  is  gtx>uiid  and 
treated  once  more  under  the  Bame  conditions. 

The  reduotiou  and  nltridatioa  must  be  carried  out  in  one  con- 
tinuous operation,  since  the  Co  powder  obtained  by  reduction  of 
CP5O4  i3  pyrophoric*  The  cobalt  powder  prepared  from  cobalt 
oxalate  cannot  be  completely  converted  to  nitride  under  these 
conditions, 

Alteyrunte  method:  Thermal  degradation  of  Co(NHa)a  ^ vacuum 
at  ieO*C  {O.  Schmitz- Dumont,  Angew.  Cbetn.  67,  231  (1966);  J* 
Clarke  and  K*  H.  Jack,  Chem.  and  Ind.  1951, 1004]. 

PBOPEETIES: 

Grayish-black  powder*  d 6,4.  In  the  cold#  dll,  acids  and  al- 
kalies react  slowly,  cone.  HGl  rapidly,  and  cono«  HNO9  violently- 
Warm  dil.  acids  also  dissolve  C03N  rapidly.  The  slow  attack  % 
acids  gives  a qpaiititativeyleldof  theNH^Bolta  (this  is  an  analytickL 
method),  while  vigorous  decomposition  evolves  part  of  the  nitrogen 
as  Ng.  Forms  a nitride  vrlth  the  approximate  composition  COaH  on 
thermal  decomposition.  In  vacuum,  stable  until  formatloa  of  the 
compound  CoNo^^i  at  2G0*C;  at  250*C,  hexagonal  metallic  Co 
containing  small  amounts  of  Nl  Is  produced.  Crystal  structure: 
rhombic  ally  deformed  hexagonal  close  packing  of  metal  atoms. 

REFERENCE: 

R.  Jusa  and  W.  Saebse,  Z,  anorg.  Cham.  46  (1946)* 


Cobolt  N^ffide 
CoN 

Go(NH,}j  ^ CoN  + 2NHs 
f * 

Cobalt  amide  Is  placed  in  a vapor-pressure  eudiometer  <ee« 
Part  1,  Fig,  85)  and  careftOlydecomposedatSO-TO^C  hi  the  absenco. 


1S90 
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Tto  N»a  wolved  is  absorbed  Incono.  HaSO  *.  The  d^rada- 
Sol^  oSuBU^  until  all  NH*  has  been  eiln^ated.  The  CoNthea 
^ed  iTtransferred  In  the  absence  of  air  to  a glass  bulb,  which 
3«dAd  off  The  exact  stoichiometric  composition  Is  noTOir 
SteSSi  since  a small  amount  of  Ns  is  evolved  along  with  the  NH9. 


The  degration  products 
CoWcb  9' 


usually  have  the  composition  CoN{>^ 


ANALYSE; 

To  determine  the  valence  of  Co,  the  sample  is  carefully  heated 
with  2 N KOK  until  NHg  can  no  longer  be  detected.  The  resulting 
blue  liquid,  which  contains  suspended  cobalt  (IB)  hydroxide,  is 
treated  with  KI  and  NaHCOg  in  a flaslt  closed  off  with  a glass 
stopper,  and  is  then  carefully  acidified.  After  standing  for  one  day, 
the  la  which  separates  Is  back-titrated  with  NasSaiOs  solution. 


PaOFE  STIES: 

Black  powder;  p3rrophoric.  The  nitrogen  content  of  the  degrada- 
tion product  drops  off  with  increasing  degradation  temperature  [the 
composition  CoNo.b.  corresponding  to  the  formula  CosN,  is  ob- 
tained at  160*C).  Heating  in  the  presence  of  HaO  and  aqueous  al- 
kali liberates  NHs.  Dilute  KaSO*  liberates  part  of  the  bound  nitrogen 
as  Ns.  Crystal  structure:  Bltype. 

aEFERENCES; 

O.  Schmitx-DumDtit,  HBrojaandH,?,  Piepenbrink.  Z.  anorg.  Chem. 
253,  118  (1947);  O.  Schmitz-Dumont.  Angew.  Chem.,  67,  231 
{1955). 


Cobalt  Phosphides 
CoP*.  CoP,  Ce,F 

Prepared  by  heating  stoichiometric  quantities  of  pure  Co  metal 
and  red  p for  20  hours  at  650-700*C  in  sealed,  evacuated  quartz 
ri  starting  Co  powder  is  obtained  by  reduction  of  CoO  or 

C05O4  with  Hs  at  700”C, 

Go  -f  3P  = CoiPj:  Co  + P = Cop,  2Co  + P = Co(P 
SIS  9Z.«  isia  S8.6  31,0  89.9  117.9  31.O  148.9 

PfiOPERTlES: 

powder;  (J4®  4,26- 

Crystal  structure  :B  21 
CoaP:  ^yish-blaek  powder;  d«  7.4.  Cryatal  structure:  C 23 

rf.. 
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HEFElItENCESi 

CoPgr  W,  Biit^  ajid  M,  Hetmbreolrt.  Z*  onorg.  alte-  Cbem^  341* 

349  (1933). 

CoP:  K,  E.  Fylidng,  Ark.  Kem,  Mineral-  GeoLll{B},No,  43 
(1934).  “ 

C03P:  K-  Nowotny,  Z,  anorg-  Ghein-  254^  31  (1947)* 

Dkobalt  Corbide 
OhC 

2Co  + SCO  = CojC  + COt 
in,9  44JBI.  12S.9  ^5.31 

Fine  Co  powder,  obtained  from  CoO  and  Ha  at  36Q-300*Ct  Is 
heated  at  220 *C  with  dry*  03-frce  CO  (flowrate  0*76  llter/lKnir) 
for  560  hours,  Beductlon  of  the  oxide  Axid  preparation  of  the  car- 
bide must  be  carried  out  in  one  ccntinucTus  operation,  since  the  Co 
powder  is  pyrophoric.  The  temperature  must  be  held  exactly  at 
320 “C  since  CcaC  decomposes  above  225®C, 

ANALYSIS: 

Heating  of  Co^C  (9-24%  C)  with  K,  at  250  *C  gives  a (juantIUtive 
yield  of  CH4  C gives  no  CH*  under  these  conditions)* 

PROPEHTIESt 

Metallic-gray  powder.  Decomposes  between  260  and  310*C, 
Hydrogen  converts  the  orthorhombic  carbide  to  a hexagonal  form 
between  19B  and  275*C,  Ust  between  297  and  369*G,  and  COa be- 
tween 364  and  540  Space  group  of  the  rhombic  carbide; 

hEFEnENCES: 

H.  A*  Dahr  and  V.  Jeasen*  Ber-  dtsch-  chem.  Oes.  63,  222S  (1930)1 

J,  E.  Hofer  and  W*  C,  Beebles.  J,  Amer.  Chem.  Soo.  62i  393 

(1947)* 

Hexaamminecobolt  |I0)  Ctiforide  > 

(Ca{NH,),]a 

4CoCli  + 4NH4C1  + 20NHj  + 0|  ^ 4 [Co(KH5)ilCU  + 

£14.0  S40u6  1070,0  66.0  i 

A mixhir6  of  240  g.  of  CoClg  * &HalO»  160  g.  of  KH-Pl.  wiSW®  .. 
ml.  of  H^O  Is  shaken  until  solutionis  almost  complete.  Then  V; 


IS» 
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at  *(rUT«ted  charcoal  and  500  ml.  of  cone,  ammoma  are  add^,  and 
m of  air  is  passed  through  the  mixture  untU  the  pea 

,«1».  Tta  .ir  flow  .told  ™t  b,  « 

to  reduce  the  ammonia  content:  should  this  occur,  eome 
iddiUoDal  cooc.  ananonla  may  be  added. 

The  orecipiUted  (Co(NHa)  sJCla  and  the  ch^oal  are  futered 
off  °"<t  the  residue  is  dissolved  in  hot  t~2%  HCl.  The  solution  is 
filtered  hot  and  the  pure  product  is  precipitated  by  adding  400  ml. 
of  oonc-  HCJ  and  chilling  to  0*C.  The  precipitate  is  collected, 
washed  first  with  60%  alcohol,  then  with  95%  alcohol,  and  finally 
dried  at  00- 100*C-  Yield:  B5%. 

,4/feniafe  method:  From  fCtHKHalgClJCU  and  ammonia  fS.  M, 
Joigensen,  Z.  anorg.  Chem.  455  (1898)], 


SYNONYM  r 

Luteocobali  chloride. 


PtlOPEirrES; 

Wine-red  or  brownish- red  monoclinio  crystals.  d%^  1*710. 
SoluhUity  in  HaO  in  moles/liter:  0,152  (0“C);  t>-36  L20^C);  0.42 
(46.6'^C);  Boiling  in  water  yields  Co(OH)3, 

REFERENCES; 

J.  Bjerrum.  Metal  Ammine  Formation  in  Aqueous  Solution,  p*  241, 
Copenliagen,  1941;  J*  Bjerrum  and  J.  P*  McBeynolda  in:  W,  C* 
Fernellus,  Inorg,  Syntheses,  Vol.  N^w  York- London,  1946i 

p.  217. 


Chlordpentoamminecobali  (III)  Chloride 


Obtained  by  owldation  of  an  ammoniacal  CoCla  solution,  and 
punfied  via  fCo(NH3)eBa01^C,0„)3 . 4HaO. 

A)  CKUDE  PRODUCT.  fCflCNHjlsCllCla 

precipitated  cobalt  carbonate  in  acme  Ijl 
cooledj  a mixture  of  360  ml,  of  oono. 
of(NH4)aC03  dissolved  in  250  ml,  of  HsP  i» 
streak  «f  oxidized  for  three  hours  by  buhtoling  te 

^mmtrrnifrt  a*lltion  of  160  g.  of  NH4CI  the  siolution 

cwhstetency  on  the  steam  bath.  Dilute  HCl  % 
e off  the  COa  and  produce  a weakly  acid  reaotl''’*^* 
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then  aminonla  is  add^d  to  give  a wealdy  haslo  soltitlM,  loltow«d  by 
10  ml.  of  additional  cone.  ammo(nia.  The 

this  point  Is  400-500  nd«.  Is  heated  on  the  steam  hath  uixtU  ^ili^ 
tetraammine  salt  die  appears  j it  ta  then  treated  with  300  nd,  of 
HCl  and  heated  for  30-45  minutes  on  the  steam  batln  The  [Co(MHa}s- 
ClJGis  precipitates  on  cooling*  It  is  filtered  ofl  and  wa^hi^ iKrlfh 
1:1  HCl  until  free  of  NH<pit  then  with  alcohol  frw  ef  ael<Lr 
The  salt  still  contains  some  [Co(NHa)E]Cla*  Yield:  34*5  g, 

aEfERENCEL 

S,  M*  Jorgensen*  Z*  anorg,  Chem*  5,  361  (1594)* 

B)  AQUOPENTAAMMINECOBALT  am  OXALATE, 
fCoCNH3)s(H20)32{C204)3  ‘ 4HaO 

A mixture  of  10  g*  of  finely  powdered  crude 
75  ml.  of  HaOt  and  5Q  ml*  of  10%  ammonia  is  heated  on  the  ste^ 
bath  m an  Erlenmeyer  Qask  covered  with  awatch  glass  IcDottnuoue 
agitation)  until  all  of  the  basic  aquopeata  a ttittiI  ne  chloride  die- 
solves  and  a deep-red  solution  forms*  The  solution  is  fUteredt 
the  filtrate  Is  made  very  weakly  acid  with  oxalic  acid*  and  some 
additional  is  added  to  complete  the  precipltatipn: 

The  slurry  Is  allowed  to  stand;  the  precipitate  is  th^  filtered  oK 
and  washed  with  cold  water.  The  yield  ofthe  dry  salt  Is  about  13 

SYWOWVM: 

Roseocobalt  oxalate. 


PBOPERTIES; 

Formula  weight  660,36,  Brick-red  crystals*  ScluhUlJ^  in  wat^r;  ^ 
at  17,S*C  is  0*0019  molos/llter,  'M''  : 

REFERENCE: 

. /i 

S,  M,  Z,  anorg.  Cliem,  78  (1B98). 

C)  PURE  CHLOROPENTAAftWiNECOBALT  (lU)  CHLORIDE, 

[CofNHjSsCllClj 

Twenty  grams  of  [Co(NH3)^HalO)l^CaO*)3  * 4HaP  ^ 
in  ISO  ml.  of2%  ammonia  in  tbe  cold,  and  the  Insoluble  £Co 
tC^*)3  . 4HaO  (luteocotalate)  is  fUtemdoff.  The  filtrate  (a  . 

clpltated  in  fii©  cold  with  dll.  HCL  The  fCtKNHjlgCllCJj^jnW  . 
formed  Is  filtered  oH,  washed  successively  wliUi  aloofeolf  a15^S^  t',S 
alccihol  and  ether,  and  dried  In  air,  . ^ 
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Tte  purmoatlon  method  given  by  Jorgensen  does  not  yield  com, 
l^etoly  pure  fCo(NH3>fiCl}Cla- 

V4ALYSE: 

loolEAble  Cl  and  total  Cl  are  determined  in  order  to  determine 
'Whether  impurities  are  present - 

SYNOSTTkl: 

CWoropurpureocobalt  chloride. 


PKOPERTIES; 

Formula  weight  260.47.  Sutay-red  crystaJs.  1.7S3.  Solu-i 
taility  in  HsO:  0.0089  (O-C);  0,0325 (25*C)tO, 040 (SO'C)  moles/llter. 
The  presence  of  HCl  lowers  the  solubility;  at  25",  10%  HCl  dia- 
solves  0,00067  moies/liter.  Neutral  aqueous  solutions  decompose 
when  boiled,  and  Co(OH)3  is  deposited.  Heating  to  higher  tempera- 
tures produces  Coda,  Crystal  type:  orthorhombic-blpyramidal. 

REFERTKCE: 

P,  J.  Garrick.  Z.  anorg.  allg.  Chem.  224,  27  [2035), 


Nitropentoa m RiSnecpbah  (MIJ  Chloride 


[Co(NH,)(NO,]Cli 

[Co[NHj}5C1]C1,  + NaNO.  = [Co{NH,).NO,]CU  + NaCl 

230,5  S9.0  261.0  56.4 

A mixture  of  20  g.  of  [Co(NH3)BCl]Cla,  200  ml.  of  HgO,  and 
50  ml.  of  10%  ammonia  is  placed  in  an  Erlenmeyer  fiafik  covered 
with  a watch  glass,  and  heated  on  the  steam  bath  until  the  salt  dis- 
solves (frequent  shaking  is  necessary).  The  solution  is  filtered,  the 
filtrate  cooled  and  made  weakly  acidic  with  dll.  HCl,  25  g.  of 
ciystaUine  NaNOg  is  added,  and  heating  on  the  steam  bath  is 
cwtinu^  until  the  initial  red  precipitate  dissolves  completely, 
brownish-yellow  solution  contains  a copious  deposit  of 
ctya^.  At  this  point,  350  ml.  of  ootic.  HCl  is  added  (caredMly 
7i  “1^^'  chillii^,  the  product  ia  filtered  off,  washed  with 

viti^  V,;  alcohol  untU  free  of  acid,  and  dried  in  air, 

iield:  17  f, 

StSONTM: 

*An*iKjcobftlt  chloride, 


COBAt,T*  NICKEL 


f»5 


PROPEHTIESi 

Brownish-yellow  monocllnlc  crystals^  d 1.004*  SolUbillly  In 
HsO  20"’G:  0*11  moles/liter  of  solution;  more aoluble  In  hot 
Decomposes  on  bentiog  to  SlO^C, 

REFERENCE; 

S.  M,  Jorgensen,  Z.  anorg,  Cbem,  17,  463  11898). 


N+tritopentoornminecoboll  (Ml)  Cblcnde 
[Ctt(NHjliONOlClt 

tCo(NK.)sCl]Cli  + NaNO*  -=  [Co(NHj)*ON01CU  + NaQ 

nso.5  3G1jO  5ft^4 

A solution  of  10  g,  of  [Co(  1^3)^01)013  In  a mixture  of  160  flfll* 
of  HaO  and  2S  ml-  of  10%  ammonia  is  prepared  with  heating  and 
agitation-  The  solution  is  filtered,  cooled  and  exactly  neutrallaed 
with  dil,  HCJ*  Then  25  g*  of  crystalline  NaNo,  is  added  and*  when 
this  has  dissolved,  1€  ml.  of  1:1  KCl.  The  resulting  precipitate  Is 
allowed  to  stand  for  several  hours  in  the  mother  liqwr  while  cool- 
ing in  water;  it  is  then  filtered  off  and  washed  with  cold  water  and 
alcohol, 

PUOPEHTIES; 

Chamois -colored  ciystalUne  powder*  four  times  less  aoluWfi 
in  water  than  nltropentflamniinecobalt  chloride-  On  standing  for 
several  weeks,  oocverts  to  the  isomeric  form.  The  conversion  is 
more  rapid  if  a 10%  aqpeous  solution  of  the  con^und  Is  treated 
with  an  equal  volume  of  ccnc,  HCi. 

REFERENCE: 

S.  M.  Jorgensen.  Z.  anorg-  Chem-  5,  168  <1894).  . 

CorbonotcfatraqmmiiiecobtjU  [HI)  SwHote  , v,rr 

[Co<NHj4CO,]jS04*3IW>  : -i 

An  aqueous  solution  of  CoSO*  is  treated  with 
NH  JDH,  then  oxidised  In  a stream  of  air. 

Precipitated  cobalt  oarbonate  {20  g,)  Is  dissolved  in  a 
quantity  of  dil-  H3S04^  Tbs  clear  solution  {about  100  mi,) 


o.  fiLEMSCR 


1»c 


. 1 m™  «f  Iftft  ff  ofiNH  JaCOjitt  500  ml-  of  HgO  and  250  mi 

Ld  air  13  bubbled  through  for  2-3  hours.  After 

SLSsSlattin,  the  Mood-red  solution,  containing  several  small 

1 Crt,  is  evaporated  on  a steam  bath  until  the  vol- 

K is  ^sSo^mf-^The  soMtfon  is  then  filtered,  concentrated  to 

200  mi  and  chilli,  whereupon  fCo(  NH3)4CO  a)  a SO*  • 3 crystal- 

Ss  as  red  prisms-  The  mother  liquor  is  decanted;  the  precipi- 
tate is  filtered  off  and  washed  once  with  a saturated  solution 
prepared  from  a small  portion  of  the  precipitate.  More  salt  is 
obtained  by  further  evaporation  of  the  mother  liquor  fadd  some 
iNH.lsCOal-  Yield:  32  g. 


Formuia  weight  524,27,  Gamet-red  prisms*  d 1.882.  The 
aqueous  solution  decomposes  on  standing  in  light-  Forms  [CoflsrH^ji- 
(H30)fi]S04  (tetraammineroaeocobalt  sulfate)  with  dil*  H3SO4. 
Loses  all  water  over  cone,  Crystal  form;  orthorhonuc- 

hipyramidai. 


REFERENCE; 

S-  M.  Jorgensen-  Z*  Chem.  2,  281  (1892)- 


Dkhlofdtetraommlnecobalt  (Itl)  Chloride 


lCo{NHjJ|C(,]Cl 


Two  stable  Isomeric  forms  exist:  these  are  the  1^-dlchloro^ 
(CJS-)  and  lifi^dichloro-  ((frwn^)  compotmde, 

l,2^DlCaLOROTETRAAMNECOBALTain  CHLORIDE  tCIS). 

[CotNHikClalCl  * 0,5  HjO 


Treatment  of  an  ammoniacal  solution  of  Co(CH3COO)a  • 4Hj 
w^NaNOg,  followed  by  air  oxidation,  affords  [Co(NH3)4(NO,)a 
NOa,  wnlch  Is  converted  to  the  dlchloro  compound  with  cone.  HC 

thmugh  a solution  of  20  g- 
^ - 4KaO  in  200  ml.  of  20%  K» 

concentrated  to  a small  volume  with  occ 

P"'“^P4tatlon.  The  precipitate  is  fitter 
Thto  Is  <l3:ied  in  a vaemun  desiccate 

m nitrite,  which  is  « 
Tte  compound.  It  is  very  easily  Itydrolyze 

^ _i A«/»  hi  email  portlooB  to  cono-  HCl  mat 

iw  c,  giving  a quantitative  yield  of  the  chloride.  " 
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SYJ^ONYM^ 

Fortnerly;  Chiorovioleocoball  chloride. 

PROPEHTIES^ 

Formula  weight  242AS.  Violet  needles.  Water  spluhle;  Imes 
water  of  hydration  at  60“C.  Very  unstable* 


REfEnrNCE: 


C , Duval.  Comptea  Rendus  Hebd.  Seances  Acad.  Soi.  182  * 836  (1926>* 
DiAOTjcri  rrnA.uiXMNKCOhALr  uin  SULFAm 

^Co{^^l3)4tNa032l2(S0llJ  . 3lli0 

This  is  formed  hy  treatment  of  [CotMHa)  aGOsMSO  <)a  - 3H^ 
with  cUl.  HsS0  4- 

A solution  of  5 g.  of  pure  [CotNH^liCOalaSO*  *3HaOin 
lOO  ml.  of  cold  HaO  and  10  ml.  of  diL  HiSO 4 is  prepared;  tbls 
results  in  evolution  of  CO  The  clear  solution  Is  treated  With 
50-60  nil.  of  alcohol,  added  in  amall  portions.  The  precipitate  13 
filtered  off,  washed  with  50%  alcohol  until  free  of  acldj  and  dried 
in  air.  Yields  6.2  g.  (theoretScal:  6*37  g.). 


Formula  weight  668,45.  Bed  quadratic  prisms,  which  Igse 
water  of  crystallization  over  cone.  HaSO^  Solubility  at  22 *C; 
0,175  moles /liter  of  water. 


REFERENCEt 

S,  M,  Jtfrgensen*  Z,  anorg.  Chem,  2*  296  (1892), 

1,6-niCULOBOTETRAAMMlNECOBALT  (III}  ChLOBlDE:  (TllANS). 
[f:oCTl3)4Ch)CI  ■ H2O 


A solution  of  10  g.  of  {Co(NHg}^(HaO)ala(S04s  * SHaOlnSO 
ml.  of  cold  cone,  HbSO  * is  prepared;  the  flask  ia  allowed  to  - 

for  24  hourSp  then  placed  In  Ice,  and  50  mi,  of  cone,  HCl  is 
dropwise  with  fre<iuent  and  vigorous  shaking*  The 
separates  in  48  hours.  The  flask  Is  tilted  and  the  mother 
decanted  as  thorou^y  as  possible.  Dilute  HC!  is 
pi'eoipitate  Is  filtered  off  and  washed  with  dll.  HCl  until 
HqSO,*  then  washed  with  alcohol  until  free  of  ■ acid.  Yieldt  7.25 jg.^ 
(theoretical:  7.53  g.).  ' ' . ^ 


'SrWONYM: 

Formerly;  Chloropraseooohalt  ehloride. 


■ i:  .a 


IS36 

PR0FGRT1£3: 


weiiht  251.46,  Lustrous  green  crystals.  l.geo, 
Los2  water  of  trysts lUzat ion  In  1-2  hours  at  100"C.  Solubility 
ifT-  0.0141  moies/liter  hydration  In  Solution  yielding 

fCo(NHa)iMaO)a]CU.  The  trans  compound  is  more  stable  than 
the  cis  form. 


REFEJlENCt:: 


S.  M,  JoVgensen.  2,  morg,  Chem.  14,  404  (1897), 


TriethylenediaminecobaU  (Itl)  Bromide 
[Co  etulDrt 

Tbe  preparation  from  cobalt  salt,  ethylenediatnlne  and  NaBr 
yields  the  racemate  of  the  optically  active  forms  of  [Co  engjBra 
as  the  first  product.  The  racemate  can  be  resolved  with  tartaric 
acid  into  the  d-  and  i-tartrate,  and  further  converted  to  the  d- 
and  /-bromide, 

A]  RACEUIC  TmETHyLE^TDIAMINE^:oBALT  (Ifl)  BHOlWIDE, 

[Co  cfijlBra  ■ 3 H2O 

A solution  of  10  g,  of  C0CI3  ■ 6 HaO  In  150  g.  of  10%  aqueous 
ethylenediamine  ia  prepared  and  oxidized  by  bubbling  air  through 
it  for  several  hours.  The  brown  solution  is  then  acidified  with 
HCl  and  concentrated  until  crystaliiiation,  Tbe  crystal  mass  is 
dissolved  in  HsO  and  treated  with  NHnJ^Oa,  which  precipitates 
l,6-[Co  enaClglNO^.  This  precipitate  is  removed  by  filtration; 
then  NaBr  is  added  to  the  filtrate,  whereupon  completely  pure 
(Co  en^JBra  - SHalO  separates  out. 


PROPEHTIES; 

^^PonutUa  weight  533,04*  Small  yellow  needles*  M*p*  271"; 

Solubility  In  at  16^C;  4*33  g.  of  anhydrous  salt 
per  100  g,  of  solution. 


B>  RESOLUTION  ffiTH  TAftTARtC  ACID 

ECo  englBra  in  water  Is  treated  with 
tartrate  (68.3  g.)  needed  for  reaction  with' 
filteiBd  off  boiling,  the  AgBr  precipitate  1#  j 

BO  lottmi  then  washed  with  boiling  water  until  the  water  iflj! 
“•^Ber  y iiow.  The  filtrate  and  wasMngs  arc  conabined  aad3 
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concentrated.  On  chilling,  the  <t-tartrate  separates  atul  Is  retti«T«d 
by  filtration.  The  mother  liquor  is  further  concentrated  andtte 
additional  precipitate  of  d- tartrate  is  remoTcd,  CoolUig  gels  tbe 
solution  to  a mass  of  I -tartrate,  still  sotuewhat  contatnlnated  wUb 

cJ-tartrate, 

C>  cf'TRlKTHYLET^EmAJWINECOBALT  (III)  BROMIDE  TAHTEIATE 
[Co  en3lBrW-C4H406}  ■ SKaO 

The  d- tartrate  crystals  obtained  In  B are  recrystalLizied  fFom 
hot  water*  Rapid  cooling  yields  needles  with  a silky  luster;  tbeae 
disappear  on  standing  for  1-2  hours  in  the  mother  Uquor  and  are 
replaced  by  coarse  platelike  crystals* 

PROPEBTIES: 

Formula  weight  567 <32.  Small  bright-yellow  needles  or  darl^ 
yellow  platelets.  Optical  ixrfatlon  (1%  aolution)  Ia:]D  [M]i} 

+555  ^ 

Dl  d-TRIETHYLCNEDlAMINECOBALT  «m  BROMIDE, 
f/-(Co  eji^lBr^  * 2Ha0 

The  d“lCo  ena]Br(CiHiOs)  ^ obtained  above  Is  triturated 
with  warm  cone*  HBr  and  the  solution  is  filtered.  On  standings 
large  hexagonal  tablets  (acid  bromide?)  separate  out;  these  are 
recrysUlllaed  from  water  to  yield  columnar  crystals  of  thed-^ 
bromide* 

PROPEHTEES: 

Formula  weight  615.03*  Yellow,  columnar  crystals.  More 
readily  soluble  in  H^O  than  the  racemic  bromide-  d®*  1*971, 
Optical  rotation  (1%  solution}:  [a]  D + H7^;  [Ml  D + 602*,  Cryst^- 
Une  form:  ditetragonal-bipyramldal*  ■ 

E)  i-TRlETHVLENEDIAMmECOBALT  HID  BROMIDE,  ■ 

MCrjcnjlBra  - SHaO  ; ^ 

The  gelatinous  I-bcromide  tartrate  is  triturated  with  warm  coiib: 
HBr.  The  sparingly  soluble  racemic  bromide  tartrate  which separ+ 
ates  out  is  removed  by  filtration.  On  standing,  the  solution  depoaltb  ^ 
crystals  of  Z-bromlde,  which  are  recrystalli^ed  from  hot  water* 

PB0P£ariE5:  '•  "' 

Formula  weight  616,03.  Yellowish  crystals.  More  readUy  sdhi.'' 
ble  in  t-V-nn  the  racemic  bromide.  Optical  rotatloo  (1%  sohitteo):. 

fffJD— fM]lD“6$2%  Can  be  converted  {witti  AgCl  or  ■ 

to  the  correspo^li^  cMoride  or  nitrate.  ■ ’ . 


o.  olemser 


A*E;  A.  Warner.  Ber,  dtsch.  chem,  Ges,  121  (W12), 


D«<.dmmi.e.H-p«roxo«balt  (ill)  Cobalt  |IV)  Suffote 


l{NHj)iCo^“(Oi)Co^'(NHj}i](S04)i  ^ SO|H ' 3 HiO 

The  preparation  involves  oxidation  of  an  ammoniacal  solution 

of  CoS0  4 + (NH^)aS0  4.  

A mixture  of  0*5  liter  of  1 M(NH 4)1^0  4i  1 liter  of  oouc,  am^ 
monia,  1 liter  of  H3O,  0-5  liter  of  1 M CoSO*.  0*5  liter  of  1 M 
HsOa  and  0*5  liter  of  1 M (NHJaSsOg  is  prepared  in  the  Indicated 
sequence,  the  solutions  being  added  at  approximately  lO -second 
intervals*  The  mixture  is  vigorously  agitated  after  each  addition. 
After  all  additions  have  been  completed  it  is  allowed  to  stand  for 
10-15  minutes.  Most  of  the  supernatant  liquid  is  siphoned  off; 
the  precipitate  is  filtered  off,  washed  first  with  diU  ammonia  and 
then  with  alcohol  and  suction-dried*  The  crude  product  (50-70  g-,) 
is  dissolved  as  rapidly  as  possible  In  1250-1750  g.  of  2 N 
(heating  to  60-S5*C  is  neCC&sary),  The  solution  is  filtered  at 
once  and  allowed  to  stand  one  day.  The  yield  is  30-50  g-  of  pure 
product, 

AKALTfSlS- 


= ilOj  4 Cot+  + S0NHj+ Ai*+. 

The  product,  in  the  sulfuric  acid  solution,  is  reduced  with  As^^: 
the  evolving  Oa  is  collected  in  an  azotometer  over  strong  KOH 
hy  means  of  CO 3,  An  aliquot  of  the  solution  is  used  tc>  t>acl£'* 
titrate  the  excess  with  Ce(SO*)s  and  ferroin;  another  aliquot 
IS  usM  to  deternaine  Co  by  precipitation  with  8-hydroxyqainoiina 

and  titration  withKBrO a.  ^ ^ 


PItOPEBTtfiS: 


663.46.  Grayish-Mack,  lustrous  prisms,  Ai 
most  insoluMe  in  cold  dil.  sulfuric  add;  more  soluble  at  50-60"C 


AEFERENCE; 

K.  <aeu  and  k.  Rehm,  z. 


aooi:p.  allg.  Cham.  237.  79  (1936)  > 
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*9*t 

Sodium  Hexanitritocobahat*  [iU) 

Na,[Co(NO,),l 

2Co(NOj),-6H,0  + 12N«NO,  + 2CHiCOOH  + V,0, 

5SS-1  SBff,o  m.l  list, 

==  4NaNO,  + 2CH,COONa  + 2N#,Co(NOi).  + 7IW> 

,,V-t  340.0  1M.1  a07.9 

A solution  of  150  g,  qf  NaNOg  in  150  ml.  of  H;aO  Is  cooled  to 
50“60*Ct  some  of  the  N&NOa  Ls  thus  reprecipitated.  Then  50  ^ 
of  Co(N03)h  * 6HaO  Is  added,  followed  by  50  ml.  of  50%  CH^COOH 
In  small  portions  I agitation}.  Then  a fast  stream  of  air  is  bubbled 
through  for  one  half  hour.  After  standing  for  two  hfiFurOt  the 
■brown  precipitate  is  filtered  off.  The  filtrate  must  be  clear  et 
this  point.  The  precipitate  isstirredwithSOml*  of  HaO  ai  70-ft0"C* 
The  solution  is  separated  from  undiesolved  Ka[Co(NOa)J  on  a 
small  filter  and  combined  with  the  above-mentioned  clear 
trate.  The  combined  solution  (about  3013  ml.)  Is  treated  with 
250  ml,  of  96%  alcohol.  The  resulting  precipitate  is  allowed  to 
settle  for  about  two  hours , then  filtered^  suc^ion-diied,  washed 
four  times  with  25  ml.  of  alcohol*  then  twice  with  ether,  and  dried 
in  air.  Yield;  50-53  g*  (75%). 

Heprecipitation  with  alcohol  is  desirable*  The  pure  prepMa^ 
tioG  must  give  a perfectly  clear  solution  in  HaiO,  To  predpjtate 
the  salt,  the  alcohol  is  added  from  a wash  bottle^  during  the  addi- 
tion, the  flask  is  vigorously  shaken  to  insure  that  the  particle 
siKe  of  the  precipitate  will  not  be  too  smalL 

SYW^fYW: 

Sodium  cotmltinitrlte, 

PAOPEGTIES: 

Yellow  crystaUlne  powder.  Very  soluble  In  water*  sparlijgij  ^ 
soluble  In  alcohol  and  ether.  The  aqueous  solution  Is  not 
and  forms  HND$  and  HNO3.  Ciyatal  structure:  J2i  type(ouWn). 

REFERENCE: 

E.  Bijlman.  Z.  analyt,  Chem.  39,  284  (1900}, 

Poto$iium  Hej(acyuftocoboltcite  ()ll}  - 

K,ICofCN),l  ^ 

The  intermediate  K4C<KCN)a}  is  prepared  from  CotCN)»  and 
KCN.  Bolling  of  its  solution  precipitates  Ka[Co<CN}aI* 

A clear,  filtered  solution  of  48  g,  of  CoCla  ' 6K3O 
of  HbQ  Is  boated  to  boUing,  and  a clear  solution  of  30  g. -of  ! 


1541 
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i>  aoo  ml  ot  HriO  ts  ad(ie<l  dtopwise  with  vigoroua  stirring.  Be, 
frie  Rddii^  the  final  portions  of  the  KG N.  a sample  ^ the  solution 
is  filtered  and  the  filtrate  is  treated  with  a drop  of  KCN  aolutloiij 
ift  Older  to  establish  whether  any  CoCla  is  still  present  in  the 
Siulion  The  violet- red  precipitate  of  Co(CN),  is  filtered  off, 
^sbed  with  cold  and  dissolved  while  still  moist  in  a oono, 

solution  of  60  ff,  of  KCN.  The  deep  red  solution  of  K4fCo(CN)sJ 
is  heated  to  boiling  for  10-15  min.,  whereupon  it  becomes  yellow 
and  evolves  Hj-  If  a small  quantity  of  yellow  KsfCo(CN)0]  crystal- 
lizes at  this  time  I some  water  is  added  to  redissolve  it.  The 
boiiine  solution  is  filtered  and  cooled.  The  KalColCht)^} precipitate 
is  ejected  on  a fUtex  and  washed  with  some  cold  water.  Further 
ipmntities  of  the  precipitate  are  obtained  by  conceirtrating  the 
mother  liquor  to  half  its  volume;  this  solid  is  worked  up  as  above, 
the  combined  precipitates  are  recrystallized  twice  from  hot  v/ater, 
some  activated  carbon  being  added  to  the  solution.  The  pure, 
almost  colorless  crystals  are  filtered  off  and  washed  with  some 
cold  water.  They  must  give  a clear  water  solution. 

The  small  excess  of  KCN  called  for  In  the  directions  for  pre- 
paring the  solution  of  Co(CN)2  in  KCN  prevents  the  precipitation  of 
green  KaCofCotCN)  gj,  which  is  insoluble  at  room  temperature. 

Alternate  method;  Oxidation  of  CoClj  * 6H3O  + KCN  in  acetic 
acid  solution  with  air,  and  several  repreclpitations  from  acetic 
acid  solutioD  with  alcohol  [W,  Biltz,  W.  Eschweiler  and  A.  Boden- 
aiek,  Z.  aooig.  allg,  Chem.  161  (1928)], 


SYNONYM: 


potassium  cobalt  (III)  hexacyanide. 
paoPEari£$; 

Formula  weight  332,35,  Small,  almost  colorless  needles  with 
a yellowish  tinge,  d**  1.878.  Headily  soluble  in  water;  solubility 
m 87-89%  alcohol  (20  “C):  1;7500  parts.  Decomposes  on  heating 
in  absence  of  air.  Crystalline  form;  monoclinlc,  isomorphic  with 
KaFe(CN)  g. 

ftEFEREKCE; 

A.  Benedetti-Pichler.  Z.  anal.  Chem.  70,  257  (1927), 


H,Co(CN)» 


HexocyonocobaiHc  [m|  Acid 


« 


A 

g- 


K»Co(CN)t  + 3HCI  ^ 
1094 


HitJotCN), 

£18.1 


323.7 


solution  of  3 
<rf  cone.  HCl. 


^3Go(CN)  9 in  9 ml.  of  HaO  Is  treated  with 
The  KCl  precipitate  is  removed  Yty  filtratlOBf 
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The  solution  Is  sensitive  to  light, 

SYNONYM:  . . . , 

. iv- 

Hydro^n  hftxaqyajiocobaltate  (m), 

fiEFEKENCE; 

A,  Ton  Baeyer  and  V.  vmiger*  Ber,  dtach-  chem*  Ges-  H,  2687 
(1901)- 

HiCo{CN}*-5H,0 

A very  small  excess  of  H^O*  (d  1-64)  is  added  to  a 25% 
aqueous  solution  of  KsCcKCNje,  v/bich  is  then  heated  for  15-20 
minutes  to  50-56*^0  and  cooled.  Absolute  alcohol  is  added  and  the 
alcohol-insoluble  K^SO*  is  removed  filtration-  The  solution  Is 
carefully  concentrated  at  50-55*C  and  the  H3Co(CH)a  - 5 thus 
formed  is  reorystalliEed  three  times  from  alcohol- 

PnOPEKTfESL 

Colorless  crystalline  needles;  hygroscopic.  Heating  at  100*C 
yields  white  HgCofCNle  * 0,5  H3O-  At  higher  temper  atures^  coloted 
products  are  formed  until  finally  a black  cobalt  carbide  remains  * 
Not  altered  by  brief  boiling  with  HCl  or  RNOa*  but  forms  Coa- 
ECo(CK>e]3  hot  H^04  (d  1*84), 

h 

HEFERENCEj 

O*  K.  Dobrolyubskly-  Zh,  Prik!-  Khimli  26^  XI85,  1233  (1959)^ 


MetoDIc  Nickel 


SABATrER  METHOD 


NiO  + Hi  --  Ni  + H.0 
74  J ea.7 


:x.- 


Very  pure,  Oa-i^cee  H*  dried  over  Paf>s  i3 
over  NiO  [obtained  by  thermal  decomposition  ol  NUNO  s)»  - 6flj 
at  300-400''C.  After  cooUng  in  the  Ha  stream,  the  Mr-e«hgJ^i»e 
metal  is  transferred  to  small  glass  bulbs  aitaohed  to  the  appara^. 
and  these  are  sealed  off.  The  mete!  powder  may  also  ^ ^ 


in  bottles  under  alcohol- 

Used  &9  hydrogenation  catalyst. 


hi 


tM4 


O,  GLEMSCR 


PHOPGRTIES' 

Atomic  wcigM  58. Tl.  Black  metallic  powder;  pyrophoric.  M.p. 

I453^7h.^  317?*C,  Ferromagnetic.  Soluble  m dU.  KNOa.paaat^ 
ty  cone.  HNOg. 


REFERENCE: 

P Sabatier  Die  Katalyae  in  der  oiganlachen  Chemie  [Catalysis 
‘ in  Orttnle  Chemistry],  translated  into  German  and  enlarged 
by  B,  FinlteJ stein  and  H.  Hauber,  Leipzig,  1927, 


Nickel  [Mj  Chloride 
NiCIi 

j,  NiCii  + eSOCJs  NiCl,  + I2HCJ  + 6SOr 

H,0} 

aj7,7  713S  la&.fl 

Water  is  removed  by  refluxLpg  with  SOCl^  as  desciilsed  for 
CoCla. 


n.  NiClt  6H,0  - NiCli  H-  6H.0 

zi7.T  ia&,e  mi 


The  startuig  NiCl;^  - 6H3D  is  in  a comljustion  tube  at 

15OX:  the  final  heating  to  400 '^C  proceeds  in  a stream  of  Cl^j-con- 
tainiJig  HCl,  After  the  yellow  NiCla  has  formed,  the  tube  in 
sealed  at  one  end  and  the  product  is  sublimed  (oil“pump  vacuum) 
at  the  highest  temperature  that  the  tube  can  withstand.  To  re- 
move HC1|  the  NjCla  is  annealed  in  high  vacuum  over  KOH  at 
160‘^C.  ^ 

AtierTiate  meikods:  a)  Heating  of  NlClg  ■ €H^O  in  a sealed 
tube  with  COCU  at  SOO^C  iHecht). 

b)  The  frequently  recommended  thermal  decomposition  of 
NiCl^  * 6NHa  does  not  yield  pure  NiClsi  since  black  by^-products 
are  formed, 

f)  Treatment  of  NUCHaCOOJa  ■ 4H;^withCH3COCl  jnbenaene. 
analogy  to  the  preparation  of  CoCla  [G.  W.  Watt,  P.  S.  Gentllo 
and  E.  P.  Helvenston,  J.  Amer.  Chem.  Soc.  77,  2762  {1955}]. 


FftOPEfiTlEa; 


tfc.iif  powdet  or  orystalline  leaflets  {like  mosaic  gold). 

(in  sealed  tube);  dt®  3.621. 
WM  of  lormatiom  -73,0  kcaL/mole  (25*C>.  Sublimed  NiCl*  is 


COBALT*  NICKEL 


relatively  stable  and  takes  up  water  slowly;  fine  NiCl^  powderiA 
hygroscopics  and  becomes  green  in  air*  Solubility  in  9^9  (g^ 
NiCla/100  g.  solution):  34.8  (0*C);  40.4  t36,3"C)[  46.T  (t00«C>; 
Moderately  soluble  in  metbyl  aiid  ethyl  alcoboL  Crystal  Btruohix<^ 
C 19  type* 

BErESEMCfiS; 

1*  H,  Hecbt.  Z.  anorg,  Ghem*  61  (1947}. 
n.  W*  BiltK  and  E,  Birk.  2,  anorg,  allg.  Chem*  m,  34  (mS)* 


HeKOCtmminenickel  [U)  Chloride 
[Ni(NHJr]Cl* 

NiCU  + 6NH,  = [Ni(NH4}fl]C]t 

237.7  103.2  231.B 

A cone,  solution  of  cobalt-free  NiCla  < 8HsQ  Is  treated  wlfli 
excess  cone.  then  cooled  in  running  water.  The  separation 

of  fine  crystals  of  [Ni(NH3)  ^ICla  is  completed  hy  addition  of  an 
ammoniacal  NHj|Cl  solution.  The  precipitate  is  filtered  off  and 
successively  washed  with  cone,  ammonia^  alcohol  and  etber^ 
Altermt&  methods:  Action  of  NHa  on  anh^roue  NiClg  at  room 
temperature  [F.  Ephraim*  Z.  phys,  Chem*  81,  513  (1913)1* 


TaOPERTEES: 

Blue-violet  f fine  crystalline  powder*  d|*^  1.46B,  Heat  of  forma- 
tion: — 16*3  kcal,/mole*  The  decomposition  pressure  at  176,6 *C  is 
1 atm.  Decomposes  in  HgO,  liberating  KH^*  Soluble  in  aqjieows 
anunoniaj  not  soluble  in  cone,  ammonia  or  alcohol.  Crystal 
structure:  J 1 j 


KEFEaENCEi 

S,  P,  L.  SSrensen,  Z.  anoig.  Cliem,  354  (1894)* 

Nickel  fM)  Bromide 


ANKYDROliS  NiBr, 


NlBfi 


Ni  + Bri  — NiBr* 
5S.7  iWna 


Nickel  DOwder,  produced  by  heating  NlClg  in  a hydrogdn^fe^il^ 
a±  So?,  is  covered  with  a layer  o£  completely  dry-etlie®  Widths!* 


15M 


o,  guemser 


«lth  dry  bioaiine.  After  J2  hoars  the  ether  is  removed 
iwated  in  vacaum  at  J30*C.  In  order  to  purify 
nreDaraUcJi*  wUch  stUl  contains  some  Nl.  it  is  suWimed  at 
Sw^SSa  or  porcelain  tube)  in  aCO,-free  stre^  of  + HBr. 
^wSiiole  NiCl,  In  a stream  of  HBf  at 

£atinf  of  NiBti,  • 6HaO  at  140“c  Iti  a drying  oven  [J.  A. 

A K«t*laar*  2.  KrisUHpg*  8B*  (1934)]* 

of  NHCK.COO).  - 4H.0  ^ith  CH^COBr  in  benzene, 
Analoffous  to  tbfi  prepBJ^tibn  of  CoCla  fG*  W*  WEtt,  S,  GentHe 
and  E-  P*  Helvenston,  J,  Amer.  Chem*  Soc,  77,  2752  (1955)]* 


PROPERTIES  r 

Yellow  powder  or  bronze -ye  How  mica  like  particies*  M,p,  363 
(in  seeJed  tube);  d|®  5,018*  Heat  of  formation:  —51*8  kcah  per 
mole  (25°).  Solubility  in  (g,  KiBrg/lOO  g.  solution):  5G,6 

(19^C)'  61*0  (lOO'^C).  Soluble  in  methyl  and  ethyl  alcohols,  acetone 
and  quinoline;  insoluble  in  toluene*  Crystal  struoture:  sublimed 
product,  Cl9  type;  unsubllmed  product,  variable  between  C 6 and 
V19  types, 

aEFEHENCE' 

G,  Cnrt-  Bull,  Soc.  Chim.  France  [4]  35,  550  (1924), 


NiBri-ftlUQ 


NiBrt  -h  6 HtO  = NiBrt  6HjO 
103-1  326.6 

A solution  of  NiBrg  in  water  is  concentrated  until  crystal - 
lization  begins  and  is  then  cooled*  The  crystals  are  filtered  off 
and  reciystallized  from  alcohol* 

AUet^te  method:  Precipitated  nickea  carbonate  or  Ni(OB)s  is 
^solved  in  aqueous  HBr,  Concentrated  on  the  steam  halhr  and 
^ pi^ct  rceiyatallized  from  alcohol  [J.  A,  A.  Ketelaar,  Z, 
Kristaiiog,  8^  26  U934)], 

paorEffTiEST 


Green  ciystslsj  tranafom  to  NiBr,  • SHgO  at  +28,5 "C* 

■EFEREWCE: 

**  J,  Amer,  Chem,  SoC,  M,  | 

I 


COBALT,  NICKEL 


Nickol  (II)  Iodide 
Nil, 


w/sn 


anhydrous  nlt, 

Nj(OH)i  + 2HI  - nit,  + 

M-7  ae.0 

Either  Ni(OH)5  or  precipitated  nickel  carbonate  1b  dlaeolved 
in  h5rdTlodic  acid  and  the  Bolution  evaporated  to  dryneae.  The 
solid  iB  recryatalllaed  from  alcohol  and  dried  at  140*C.  A final 
sublimation  In  high  vacuum  at  500-600^0  Is  rccommendedp 

AUeymte  method:  DehydraUon  of  Nila  * &HaO  (RlodeU  TheaiSw 
Univ.  of  Haile»  1913)* 


PROPEHTIESt 

Black  solid;  forms  small  lustrous  crystals  when  siiUinied, 
M.p*  797 (in  sealed  tube);  5.834*  Heat  of  formation:  — 4l-40 
kcfll./mole.  Decomposes  when  heated  to  high  temperatures  in  air*, 
Hygroscopic;  rapidly  forms  a green  solution  when  exposed  to  airi 
Solubility  in  (g*  NUj/iOG  g,  solution)^  67*8 (11"C);  $4*1  (4S"C)i 
65.7  (SO^’C)*  Aqueous  soLutlons  of  Nilg  can  dissolve  up  to 
atoms  of  iodine,  thereby  acquiring  a brown  color.  Dilute  soliSIpiis' 
are  pure  green,  concentrated  solutiona  dirty  green  or  reddlflit, 
brown,  Slowly  soluble  in  cold  absolute  alcohol,  rapidly  in  hot*' 
Crystal  structure;  C19  type. 


HEFEBENCEr 


J,  A,  A,  Ketelaar*  Z.  Kristallogr.  88i  26  (1934). 


Nili'eH,0 


Nil,  + 6K,0 
3115  lOBJ 


Nil,-6HfO 

ms 


■ V -.■& 


A solution  of  Nils  in  HsO  is  evaporated  to  a aJrt^* 
of  Nil*  - 6H3O  are  fUtered  off  aiKl  auctlon-fix'ledp 

Alternate  method:  As  In  the  case  of  Nllgt  but  wil 
dratlon  at  140*C  [ J*  A.  A,  Ketelaar,  Z-  KrlsUUogr* 

PHOPEBTIESs 

Blue-green  ciystato;  rapidly  doHqueacent  in 
brown  and  giving  off  Iodine*  Existe  up  to  43*C;  becomoe 
when  boated  on  steam  batbu  '■  =■  ■ 


>ti--  U 


ISM 


0,  OLEMSEH 


O Erdmann.  J.  praW.  Chem  (1]  1,254(1936}  J A.  Etard.  Ann.  diim. 
Ptlys.  [7]  2,  503(1894}. 

NJeke!  (U[  Oxtde 


NiO 

Prepared  by  thermal  decompositioii  of  nickel  salts  of  volatile 
acids* 

L Precipitated  nickel  carbonate  or  Ni(KOa)3  * 6HaO  is  heated  in 
a*  Pt  crucible  for  six  hours  at  1000-11 00  °G  and  allowed  to  cool  in 
Oa"free  nitrogen* 

On  cooling  ^ ^ surface  skin  forms,  which  can  be  removed 

hy  postreduction  with  pure  Ha  at  100 “C, 

Test  for  active  oxygen  is  essential* 

H*  Precipitated  nickel  carbonate  is  placed  in  a pear-shaped  de- 
composition vessel,  the  air  ia  displaced  sevoraltimes with  Oa-free 
nitrogen,  and  the  entire  apparatus  is  degassed  in  high  vacuum  at 
100 ®C.  After  high  vacuum  is  established,  the  system  is  heated, 
over  a period  of  90  minutes,  to  350^^0*  The  product  is  transferred 
to  previously  prepared  storage  bulbs*  which  are  then  sealed. 

The  oxide  blackens  immediately  in  the  presence  of  air.  Test 
for  active  oxygen  is  essential. 

Alternate  method:  Small  chips  of  nickel  are  heated  in  air  at 
XOOO'^C  (for  procedure,  see  method  II*  subsection  on  Cu^O)  [H-  H- 
von  Bamnbach  and  C-  Wagner,  Z,  phys,  Chem.  (B)^,  (1934)1- 

Used  as  oxidation  catalyet- 

PaOPEBTtES: 

Formula  weight  74,71.  M*p.  1990^*0 ; d 6.67.  Heat  of  formation; 
^8*4  kcaJ./mole-  Bright-yellow  powder,  brown  when  heated-  When 
the  oxygen  content  is  in  slight  excess,  the  color  is  dark  olive 
green,  tecom lag  darker  as  the  oxygen  content  increases*  NlO 
prepared  at  high  temperatures  is  almost  insoluble  in  acids  and 
lower  the  teniperature  of  preparation,  the  more 
whsWe  it  especially  in  hot  nitric  acid  and  ammonia*  Crystal 
Btnicture:  B1  type* 


WFieSEXCEt 

le  Blanc  and  H,  Sachse.  Z,  Eiektrochem*  32,  56(1926)* 


se.  COQALT,  NICKEL 


I94» 


Nickftt  (H]  Hydroxide 


Ni(NO,)i  + 2NaOK  = Ni(OK),  + SNaNOi 
tfl  H.O) 

^■90,8  ao.o  9S.7  I70,c 

A solution  of  25  of  KOH  in  250  ml.  of  cartxmats-free  H^O  Is 
added  dropwiso  and  with  vigorous  stirring  to  a warm  (aboul  35*C> 
solution  of  60  g,  of  NUNO^ja  * 6H^  in  350  mi.  of  Hrf).  The  pre- 
cipitate is  washed  by  decantation  with  several  five-liter  portions 
of  v/arm*  COa--free  (until  the  washings  are  no  longer  alkaline)  ^ 
then  once  with  five  liters  of  COa-free  containing  some  am- 
monia ^ and  finally  with  similar  portions  of  warm*  COa-free  water 
until  both  precipitate  and  washings  are  free  of  K‘*‘ and  NO*"*  The 
precipitate  is  filtered  off  and  dried  in  a vacuum  desiccator  over 
cone,  HsSO  4* 

The  preparation  still  contains  about  one  mole  of  adsorptlvely 
bound  water*  which  can  be  removed  by  heating  to  300“C- 

Frectpitation*  decantation  and  filtration  are  carried  out  in 
the  absence  of  CO3.  Another  suitable  starting  material  is  NitNOgla  * 
6NHa;  however*  N1GI3  - 6H3O  and  NiS0  4-  7 H3O  are  not  recom- 
mended, since  the  precipitate  then  tenaoiouBly  retains  Cl"  and 


PBOPERTIE&: 

Appie-green  crystalline  powder-  d 3.65*  Decomposes  at  230*C 
into  NiO  and  HaO.  Soluble  in  ammonia^  ethylencdlamlne  and  acids. 
Crystal  structure;  C 6 typei  Heat  of  formation:  — 62* 6 8 keel* /mole* 


RE FERENC E[ 

G-  F*  l^ttlg  and  A*  Peter*  Z,  anorg.  allg*  Chem,  189t  1B3  (1930)* 


d-Nicke1  (lil)  Hydroxide 


NiO(OH) 


Ni(NO,)t  + 3KOa  + VtBr, 
(6  H*01 

alas  HM,3  7^9 


- NiO(OH)  + 2KNO^  KBr  H»0  - 
9L7  uan 


A solution  of  lao  g.  of  NUNOa),  . 6HsO  in  ^ 

added  dronwlae  snd  with  7igO«Jus  stirring  to  a solirtictt  of  B5  g. 
KOH  la  ml  of  Bra  to  3D0  ml-  of  HjP,  The  preoipita^ 

M-C.  TM  i.  W-il-O 


O,  GL.EMSER 


A»  tiHM8  ideCMtotloiv)  With  CO s-free  HaO,  then  several  times 
idoctSSSft)  using  « centrifuge,  until  NOs"  andK  can  ng  longer 
i?dS^  in  the  precipitate  or  the  wash  water  The  wet 

product  is  dried  for  three  days  over  cone,  KaSO*,  then  two  weeks 


decantation  and  filtration  mast  be  carried  out 
in  a COa-free  atmosphere. 

Tests  for  active  oxygen,  Ni,  H^O  and  CO^  are  necessary.  The 
oKVEen  and  HaO  contents  vary.  In  view  of  the  rapid  conversion  to 
NiPalOH)^.  it  is  advisable  to  work  up  the  precipitate  as  quickly 


as  possible.  . 

To  determine  active  oicygen.  a lOO-mg.  sample  is  covered 
with  100  ml.  of  H3O,  and  1 g.  of  K1  and  25  ml,  of  2 N HgSO  4 are 
added.  The  liberated  la  is  titrated  with  NsaSsOa, 

Alternate  method:  A solution  of  Ni(NO  3)  a * 6 RaD  is  treated 


with  aodiu'"  acetate  and  electrolyzed  at  room  temperature,  The 
low  yield  is  a disadvantage  of  this  method  [O.  Giemser  and  J. 


Elnerhand  (1950)), 


PHOPEHTIES: 

Black  powder,  4-15.  Readily  soluble  in  acids.  Rapidly 
converted  to  NiaO^jlOH)*  by  HgO  and  bases.  Loses  water  when 
heated  in  vacuum  and  is  converted  to  NI3O  3(011)4.  Crystal  struc- 
ture: C 6 type. 


REPEREMCES; 

G,  F.  Hiittig  and  A.  Peter.  Z,  anorg,  aRg.  Chsm.  3J9,  190(1930); 
O.  Giemser  and  J.  Einerhand.  Z.  anorg.  Chem.  2^,  26  (1950), 


y-Ntcke!  (fl!}  Hydroxide 
NIO(OH) 

Metallic  Ni  is  fused  with  NaaOg  + NaOH  and  the  melt  is  ex- 
tracted with  HdO, 

A eruciUe  of  pure  nickel  is  filled  to  one  third  of  its  volume 
with  a mixture  of  one  part  of  Na^Oa  and  three  parts  of  NaOH,  and 
healed  for  four  hours  at  600®G,  The  melt  la  cooled,  then  care^ly 
OTractra  with  ice  water,  avoidingany  rise  in  temperature.  Washing 
^^antatto  with  H^O  is  carried  out  until  there  no  longer  is  an 
- . . - The  tiny  ciystals  settle  very  easily;  the  floo- 

tsuent  precipitate  is  removed  by  slurr3ring* 

^*»NiO(OB)l,  Ni,  and  HaO 

Und  as  an  oxidation  catalyst. 


20.  COBALT,  NICKEL 


pnOF£flTl£&; 

Small,  lustrous,  black  hexagons  or  needioa*  3,8S^.  Soluble 
in  diL  HgSOi  with  s volution  of  O^-  Decompoees  oaheatlnfto 
138-14G*C.  Crystal  structure:  resembles  C 19  t^pe, 

reference;] 

O.  Glemser  and  J,  Einerhaiwi.  Z,  ajjoig*  Chem^  2Sl^  26 

Nickel  Hydroxide 
NlO,(OH)* 

The  precipitation  of  NiaO^OH)4  ia  carried  out  by  dropwlse 
addition  of  a solution  of  Ni(N03)g  * 6H^  to  aqueous  KOH  + Brg 
at  SO'^C  las  described  under  iS-NiOtOH)),  The  product  la  waslwd 
by  decantation  with  warm,  COg-free  H^O*  All  Operations  are 
coTKiucted  in  a CO^-free  atmosphere* 

Testa  for  active  oxygen:  see  under  3-NiO(OH)-  nAnalysis  for 
Ni  and  HgO  is  recommended.  Water  and  oxygen  contents  vary* 

Used  as  an  oxidation  catalyst. 

Alternate  method:  Electrolysis  (5D»6G^C)  of  a solution  of 

NHNOa)a  treated  with  sodium  acetate.  The  low  yield  is  a disad- 
vantage of  this  method  (O*  Glemser  and  J.  Eloerhandj  see  reference 
below)* 

I>HOPEftTlES[ 

Formula  weight  276*16,  Black  powder.  d|^  3,33*  Beadily 
soluble  in  acids.  On  heating  to  140"C,  converts  to  NiO,  0^  and 
O3,  Crystalline  form;  hexagonal,  ' 


O. 


REFERENCES: 


Glemser  and  J-  Einerhand,  Z,  anorg.  Chem,  261^  26  tl9S<^^ 
Nicke!  pi)  Suffrde 

■ :y. 

NIS 


a-NiS 


mOt  + HiS  ^ Nis  + 2Ha 


(flHiO) 

S37.T 


22,1  L axs 


72.3 


The  apparatus  used  for  M 

the  absence  of  air  is  ahdwn  In  Fig.  3S6,  The  of-NlS  la 


.TVHSJ  1 


o,  GLEM5£R 


Fig*  3S6-  Preparation  of  nickel  sioifides  in  the  absence 

of  air. 

as  follows*  The  air  is  displaced  from  the  apparatus  by  a stream 
of  COa-free,  O^-iree  nitrogen.  At  the  same  time,  all  liquids  In 
the  apparatus  are  boiled  and  allowed  to  cool  In  the  Ng  stream. 
These  liquids  comprise  the  solution  in  which  0,4  N in  NtCla 
and  0*S  N in  NH^Cl^  the  water  in  h,  which  covers  the  chunks  of 
FeS;  the  water  in  wash  bottle  c\  the  saturated  NH4Cit  with  exeess 
of  solid  KH*Ch  in  if;  the  cone,  KOH  in  the  bubble-^counting  tube 
e;  and  the  wash  water  in  The  mercury  trap  serves  to  prevent 
the  entrance  of  air  into  the  reactor.  Now  COa'free  HgS  Is  gener- 
ated in  6,  and  the  sulfide  precipitates  in  a-  The  wash  water  is 
transferred  into  a tN^  pressure)*  shaken  with  the  preeipitatet  and 
(after  the  latter  has  settled)  drawn  off  through  fritted  disc 
using  a vacuum  pump.  The  washing  procedure  is  repeated  lS-20 
times. 

The  NiS  should  not  be  completely  precipitated  from  the  solution, 
otherwise  it  does  not  settle  well  during  washing. 

PfiOPEflrtES: 

Black  powder,  soluble  in  HCh  Converts  to  Ni(OK)S  In  air. 
Amorphous  on  x-ray  analysis.  Heat  of  f ormation; -19*37  kcal7niole. 

AEFEA^WE: 

Z.  anarg.  Chfim.  253.  345  (194V). 


20.  COBAUT*  NfCK£L 


Nl  + s = NlS  . ■ 

5&.7  32,1  M,a 

A stoichiometric  mtictute  of  Nl  atid  S is  heated  for  six  houi^ 
at  900^^0  in  a sealed^  evacuated  quartz  tube, 

Altermte  methods^  «)  Precipitation  with  HaS  from  a 1 N NiCls> 
solution  containing  acetic  acid,  workup  as  for  a-NlS  [A*  Thiel  and 
H.  Gessner,  Z,  anorg,  Chem*  1 U914)j. 

b)  The  alpha  form  of  NiS  la  digested  with  0.3  N acetic  acid 
for  several  days  in  the  absence  of  air  (A,  Thiel  and  H*  Gessner* 
see  above), 

PaOPERTI£S: 

Black  powder,  M,p,  810“;  d 5. 0-5. 6.  Disnolvea  rapidly  on 
bciUrtg  in  2 N HCl.  Crystal  structure:  BB  type* 

aEFEilENCE: 

W.  Klemm  and  Schlith.  Z,  anorg.  alig,  Chem,  210*  39  (1933)* 
:-NiS 


NtSO,  -r  HiS  - NiS  + H^O* 

H,0) 

m9  ^.IL  90,8  BB.l 

The  apparatus  shown  for  oj-HiS  is  used  and  HaP  Is  taalMed 
through  1 N NiSO*  Solution  weakly  acidified  with  dll* 

Air  must  be  rigorously  excluded  during  the  reaction*  The  precipi- 
tate is  worked  up  in  the  same  way  as  of-NiS* 


propehties: 

Black  powder.  d%°  5,34,  Converts  to  p-NiS  «t  396*C.  Crystal 
Structure:  B 13  type. 


REFEHENCE: 

R,  G.  Levi  and  A*  Baroni,  Z.  KrlstaJlogr.  ^ 210  (1S35). 


DRYING  OF  PRECIPITATED  NiS 


The  slurry  of  the  sulfide  is  dried  in  a drying  pi^l 
hours  (aaWSor  vacuum);  the  temperature  Is jl^ly 
150  “C  Then  NaOH  Is  placed  in  the  drying  pistol  and  the 

SaOon.1  ],«.  .1 1SO*0  .U-f  «W  '«>»»»,, 


■yH\ 


1SS4 


Q*  GLEMSEP 


tb,  sulfide  is  then  transferred  to  another  smaU  aask  and  dried 
Src!ir»»urs  at  300-400“C  thigh  Tacuumj.  The  latter  operation 
* S ^ed  out  with  care,  to  avoid  dusting  of  the  product. 


n£FGaENCE5: 

W.  BUta.  Z.  anotg.  iQlg.  Chem,228.275(1936),*  2^.  83.  126  (1938), 


Nicket  (IV|  Swifide 

NtSr 

NiS  + S = NiS, 

90.a  32,1  122,8 


Completely  dxy  NiS  is  heated  in  a sealed  tube  with  triple  dis- 
tiUed  S (five  hours  aC  450*CJ,  Four  to  five  times  the  stoichio- 
metric amount  of  S is  used.  Alter  the  reaction  Is  complete,  the 
excess  S is  removed  by  extraction  with  CSg  in  a Soxhlet  apparatus* 

Test  for  S;  The  suifide  is  dissolved  in  HNOa,  andBaCUis 
added  to  cause  precipitation. 

PROPERTl^CS; 

Black  to  gray  powder*  d 4.39,  Sensitive  to  air  even  when  dry, 
evolviag  SOg,  which  remains  partly  adsorbed.  Can  incorporate  S 
into  the  crystal  lattice*  Soluble  m nitric  acid.  Crystal  structure: 
C2  type. 


HETER^SiCESi 

W,  F*  deJong  and  H*  W,  V,  Willems*  Z,  anerg,  aUg,  Chem;  160, 
IBS  (1927);  W*  Blitz,  Ibid.  2^,  278  (1936). 


Nkkel  (li)  Amide 


Ni(NH^g 

Ni(SCN),  + 2KNH,  + Ni(NH,)t  + 2KSCN 

194A 


174.9 


Tte  Q|]pftrat^  ahown  in  Fig.  334  [see  subsection  on  CofNHaJal 
i^ha^  with  an  excess  of  dry  NHSCN)^.  Then  & solution  of 
in  li(^d  ^fHa  Is  a(i(led.  A.  flocculent  red  precipitate  forms  ^ 
. ^ wasted  with  liquid  until  peptization  Juat  starts.  The 

auxiliary  apparatus  (as  in  (he  pro- 

^ vacuum  at  40“C. 

Iwed  tor  the  preparation  of  NlaNa* 


£6*  COBAL.T,  NICKEL 


^SOPERTIESj 


_ w'  “ildly  with  HjO  to  form  Nl(OH)o  ftnl 

Decomposes  when  heated  to  vactnun  to  120*C.  ' '** 

ItEF£Et£HCE: 

G,  S*  Bohsrt.  J.  Phys,  Chem.  1&,  S37  (1916), 


Trinicket  Dmitnde 
NW^t 

3Nfi(NHj,  = -h  4NHt 

272,3  aCM.l 

Nickel  (II)  amide  (see  precedii;(g preparation)  is  heated  In  vacuum 
at  lao^’C;  NHa  Is  slowly  evolved  and  NlsN,  is  termed*  Some  Hg  is 
also  produced  in  a side  reaction, 

AUermie  method:  A mixture  of  10  parts  of  NiO  and  7.4  parts 
of  completely  anhydrous  Nl(CN)a  is  fused  in  an  eleotrlc  arc  sur- 
rounded by  pure  Na  [A*  C.  Voumasos.  Comptes  Ttendus  Bdbd* 
Seances  Acad,  Sci,  163^  889  (1919))- 

PHOPEnXIESj 


Black  powder-  Heacts  very  slowly  with  water,  Decomposea 
to  Ni  and  above  12D^C*  Alkalies  liberate 

REFEHJGNCE: 

a S.  Bohart-  J.  PhyS-  Chem*  1^.  537  (1916). 


Tfinickel  Nitride 


■*U'. 


Ni.N 

SNi  + NB,  - NljN  + 
mi  sa,if.  i«u  sa^i. 


An  filumtoa  boat  1b  chw^[6ii  with  20  mg<  of  nickel  obtoto^f^'-TEi^S^i'^ 
NiiCO)  ^ The  boat  to  heateii  tor  three  hours  at  445*C  to -a  re*o^^- A 
tube  through  which  flows  a stream  of  NHa  (22 
preparation  Is  cooled  to  toe  NH,  stw^.  eroiad  ; , 

agate  mortar  and  allowed  to  react  with  NSe-once  more 
same  conditions. 


IS56 


O,  SLEMHER 


-nte  test  tor  N m the  product  may  be  made  by  the  micro- 
l^jeldsia  method. 

PROPERTIES; 

meckMETay  powder,  df  7.66.  OnafiBoted  moisture  ando,. 
Dissolved  slowly  by  dil.  mineral  amds  in  the  cold  rapidly  by 
cone  HCl  and  cone,  HNO5.  Dissolved  rapidly  by  all  hot  acids. 
Not  attacked  by  aqueous  NaOH,  Crystal  structure!  hexagonal  close 
packing  of  Ni  atoms,  oriented  incorporatjon  of  N. 


REFEREJ^CE; 

H,  Ju^a  W-  S&chsfi-  Chsm*  1 301  (1943). 


Nickel  Corbicie 
Ni(C 

SNi  + 2CO  NijC  + COt 

176.1  I SB.  I 22,^1- 

Pure  NiO  is  reduced  with  pure  at  2 75^385 *C  until  constant 
weight.  The  fine  Ni  powder  l3  heated  at  once  with  pure  CO  (com- 
pletely free  of  Og)  for  260  hours  at270®C.  The  NigC  thus  produced 
is  pyrophoric.  This  may  be  remedied  by  heating  for  a long  time 
in  Oa-free  nitrogen  at  250^C  and  cooling  in  the  Ns  stream. 

Test  for  hound  Heating  with  pure  Hg  at  2B0-27O“C  evolves 
C as  CHi. 

PROi^ERTlES: 

Gray^black  powder,  7.97-  Heat  of  formation:  — 9.2kcaL  per 
mole.  Decomposed  at  room  temperature  by  cone*  anddih  KCl:  pre- 
cipitation of  c does  not  occur  (see  FCsC)-  Soluble  in  dil.  KNO^; 
tUL  HgSO^  causes  separation  of  Ci  Stable  at  temperatures  up  to 
38D-400*C,  Crystal  structure:  hexagonal  close  packlngofNi atoms* 

aEFEflEHCE; 

H*  A.  Bahr  and  Th*  Bahr.  Ber.  dtech,  chem,  Ges,  61,  3177  (1928)* 


Nickel  (tij  Corbonate 


Ma>,*6M,0 

flrdiuS^  ^ electrolyBifl  of  COa-siturated  with  nlckfi 


20-  COBALT,  niCKtIw 


An  electrolysis  cell  {20  x 15  x 20cm.)  Is  covered  wltfa  s iratodm 
lid  from  which  three  pieces  of  nickel  sheet  electrodes  (SO  x ZS.7  x 
0.05  cm.)  are  suspended.  Two  of  the  electrode  ax©  placed  at  the 
sides  of  the  vessel  and  are  mterc&naeisted;  thethixd  Is  in  the 
and  serves  as  the  anode.  The  cell  Is  filled  wttti  oooducUTHy  water 
to  2.5  cm.  below  the  top,  pure  COs  is  bubbled  throng,  and  the  cur- 
rent is  turned  on  and  controlled  at  2-2.2  amp.  The  cell  Is  conIM 
externally  with  riwining  water.  The  NiCOa  - 6H^  drops  to  the 
bottom.  It  is  filtered  off  and  dried  at  100*C.  The  yield  is  about 
30  g./day. 

Formula  weight  226.82^  Pale-green  rhombohedra  or  monoclinlc 
prisms*  E^adily  soluble  in  acids*  The  product  prepared  in  the 
above  manner  ia  free  of  alkalii  but  contains  some  black  hydroxide* 

REFERENCE] 

E-  C*  C*  Baly  and  N-  R*  Hood.  Proc*  Roy*  Soc*  London  122,  318 
(1929)*  


NiCO, 

Anhydrous  NiCO^  exists  in  two  forma , one  green  (1)  and  one 
yellow  (U)- 

GREEN  FORM  (U: 

A solution  of  0,12  moles  of  NiOla  In  100  ml.  of  water 
acidified  with  HCl  and  ohaiTged  into  an  autoclave*  At  260'"C  and 
a CO3  pres&ure  of  1700  a solution,  of  0,18  moles  of  IfaHCO^ 

in  lOG  ml*  of  water  is  added  dropwise*  Green,  cry etaUfoe  NICO  3 
precipitates-  Yield:  26-30%. 

VELLOW  FORM  Hi) : 

The  yellow  NiCO  3 forms  under  the  same  conditions  as  the 
green,  but  at  a temperature  of  180*C  and  from  very  oono^  splu* 
tions  (0*22  moles  of  NICI3  in  25  ml.  of  water  and  0*3B 
NaHCO^  in  100  ml*  of  water).  The  yield  Is  poor*  At  lower 
atuxes  only  colloidal  products  are  obtained;  at 
tween  180*  and  250^0  a mixture  of  f and  H is  produced.  ' , . ^ 

.. 

PBOPenTHS;  . . 

The  green  form  conaists  of  mlctoscopjcally  sm^t, 
doubly  refraotfog  green  rhombohedra;  It  Is  cot  attacted 


o*  glemser 


Attids  or  tv  boiling  water.  The  habit  and  physical  and 
^S^iM?*«wMiartica  of  U ^ the  same  as  those  of  I.  On  heating 
iOO^C,  both  carbonates  decompose  to  CO,  and 
green  NiO.  Both  crystaUize  as  rhombohedra. 

KtFERENCE; 

R,  de  St*  L^n  Langles.  Aim-  Chimie  568 


Nickel  ill)  Thlocyanofe 
Ni(SCN)t 

Prepared  by  dissolving  N1(0H)3  in  a dilate  IJNCS  solution  and 
evaporating  the  resulting  solution  of  Ni(SCN)^^ 

A dilute  HNCS  solution  is  saturated  with  Ni(0H)3  or  nickel 
carbonate  and  the  deep-green  solution  is  evaporated  at  about  15 *C- 
Large  green  ci^stals  of  Ki(SCN}j  < are  deposited,  ^hove 

15"C  and  on  drying  of  Ni(SCN)a  ■ 4 HgO,  a yellow  powder  of 
NiiSCN)s  - 0,5  H3O  is  obtained.  It  can  be  rendered  anhydrous  by 
heating  to  150  "C, 

PKO^EllTtES: 

Formula  weight  174.Bfl.  Dark  chocolate-colored  powder.  On 
addition  of  water,  becomes  first  yellow  and  then  dissolves  with  a 
green  color* 


ItEFERENCES] 

A,  Koaenheim  and  R,  Cohn,  Z-  anorg,  280(1901);  Ber. 

dtsch,  chem,  Ges*  1111  (1901);  A,  de  Sweemer*  Natuur" 
wetensch,  TijOachr,  14,  331  (1932), 


Di-^-sulffdo-tetrgki${dffhtobeRzootojcl{nick6l  (IV) 


(C.H,  ■ CSSbNiS,Ni(SSC*  C,Hb)i 

This  nickel  (JV)  complex  compound  Is  obtained  by  oxidation  of 
Mrrefliror^Ing  nickel  (H)  complex  compound  with  Oa* 

Ad  alcohoUc  solution  of  1 mmole  (0*13  g*)  ot  NiCla  is  treats 
* alcoholic  solution  of  12  mmoles  (0*15  g*)  of  monothio- 

^ ^ mmoles  (0,24  g,)  of  NaOH,  The  clear  yellow- 
tooTO  solttfion  (m  which  the  Ni  ia  present  ns  [NUSCOC^g) 

same  time  a gentle  stream  of  Oa 
tn  MAfi  oxidation  is  shown  by  a change  In  color*  tir&i 

then  to  Violet*  The  reaction  Is  complete  In  about  fcur 


CWALT^  NICKEL  1539 

hours.  The  darlt-vloJet  compound  is  filtered  off,  washed  with  a- 
cohol  and  water,  and  recrystallized  from  benzene. 

PROPERTIES: 

Formiila  weight  794,55,  Tuft-sliflped  aggregates  of  dark^ violet 
crystals.  May  be  reciystalii^ed  from  benzene,  alcohol,  ether  and 
CSg.  Very  stable  to  acids  and  bases;  decomposed  only  by  oiddlzing 
acids, 

RELFEBENCE; 

W,  Hieber  and  R.  Briick.  Z*  anoig,  alig*  Chem,  2M,  36  (1952). 

Potassium  Tetracyanonkkolote  (11} 

K,(NHCN)tl^HtO 

NiSO,  + 3KCN  - Wi(CN)i  + K,SO* 

(0  H,o) 

20ifi,9  130-2  ILO.7  L74,a 

Ni(CN)i  + 2KCN  + HiO  -=  KtlNi(CN)d]  ‘ H,0 

1 10,7  laOJl  Ifl.O  259.0 

A solution  of  60  g,  of  NISO*  - 6H3O  in  200  ml>  of  ’water  is  pre- 
pared, and  a solution  of  29,7  g.  of  KCN  in  70  ml.  Of  water  Is  added 
slowly,  with  constant  stirring-  The  gr  ay-green  precipitate  of  Ni(  ON)  a 
is  washed  until  free  of  sulfate  and  then  filtered  off. 

The  solid  Ki(CN)fl  is  placed  in  a solution  of  29*2  g.  of  JtCN  in 
about  30  ml,  of  water.  The  solution,  which  is  now  red^  Is  heat^ 
on  a hot  plate  until  small  crystals  appear.  These  are  redla solved 
and  the  solution  Is  allowed  to  cool-  The  compound  precipitates 
as  beautiful  crystals.  The  yield  is  57*4  g.  (97%). 


SYP^O^^^rM^ 

Potassium  nickel  {II)  cyanide  hydrate- 


PROPERTES: 


OrangC’^red  crystals.  The  ’water  of  hydration  Is 
removed  by  heating  to  100*0*  Very  soluble,  even  Incoldw^^K 
decomposed  to  N1(CN)  3 by  mineral  acids.  Forms  black 
of  higher  nickel  hydroxides  on  addition  of  hypobronjltes*.  y ' 


REFEUEHCEi  . . 

w,  C.  Femelius  and  J*  J*  Burbage  in:  W*  C. 

Syntheses,  Vol,  H,  New  York- London,  19*6,  p*  3ST*  v . 


SECTION  29 


The  Platinum  Metals 

H.  l.  GRUBE 


Pure  platinum 
Pt 


Platinum  obtained  from  Russian  or  Colombian  platinum  ores  or 
by  industrial  recovery  processes  contains  the  other  platimma 
metals  as  Impurities,  as  well  as  gold,  Iron  and  copper. 

The  fallowing  methods  are  r^comruended  for  Its  purification: 
tbe  lesid  fusion  process » based  on  the  analytical  procedures  of 
Salnt-Clalre-Devllle  and  Stas,  and  the  cau3tic  soda  precipitation 
of  Schneider  |1]  and  Seubert  [£{,  in  which  all  the  platinum  metals 
except  Pt  pass  into  their  lower  oxidation  states*  which  are  not 
precipitated  by  NH  + CL  There  is  also  the  Finkener  process,  based 
cm  recrystaUiaation  of  NaaPtCU  dilute  soda  solutions;  this 

has  been  described  by  Mylius  and  Forster  [3]*  However*  this 
method  leads  to  poor  yields  because  of  the  low  solubility  of 
NasPtCls,  A process  by  Reerink  [4]  makes  use  of  pLatlnLun^e 
ability  to  form  a volatile  carbonyl  chloride  with  Clg  and  CO, 

The  hypochlorite  method  developed  by  Myllus  and  Ma^^ucchelll 
[&1  for  the  preparative  purification  of  the  platinum  metals  can  be 
recommended  as  a laboratory  procedure*  Platinum  (In  the  form 
of  small  foil  cUpptnga  or  sponge}  is  dissolved  in  the  purest  aqua 
regia  available  (j^ass  or  porcelain  vessels);  the  solution  is  with- 
drawn (or  decanted)  and  carefully  evaporated  In  a porcelain  dish 
over  a small  flame;  the  concentrate  is  dissolved  in  hydrochloric 
acid  and  hot  The  chloride  solution  Is  diluted  with  a large 

amount  of  water*  heated  to  about  80 *C,  and  made  slightly  alkaline 
with  soda*  Any  IrOs  present  is  precipitated  with  CI3*  bubbled 
through  for  a short  time.  The  Initially  colloidal  iridium- containing 
precipitate  coagulates  after  a short  time  to  a black  fiocculent 
deposit  which  settles  rapidly  in  the  yellowish- red  solution#  Addi^ 
tlOB  of  a few  milliliters  of  alcohol  produces  a marked  increase  in 
the  speed  of  separation.  The  more  carefully  the  solution  is  neu- 
tralised (without*  however,  going  below  a pR  of  7)*  the  more  com* 
piste  Is  the  separation  of  the  unwanted  oxide^ 


!S60 


25.  PLATINUM  METAiJS 


1^1 


The  other  plaUnum  met&ls , gold  and  the  heavy  base  m-pfate 
may  be  precipitated  as  the  oxides  ly  addltioii  of  hypochlorite.  Thi0 
reaction  can  therefore  he  used  for  the  removal  of  all  metallic  Im- 
purities. The  only  oxide  soluble  in  an  excess  of  hypochlorite  Is 
the  black  RuOg  {it  is  thereby  converted  to  the  volatile  RUO4). 

The  filtered  platinum  solution  is  heated  Inabealcer  or  porcelafn 
vessel  and  treated  with  NH*CK  The  (NHJsPtClft  depo&lt  Is  then 
filtered  off  and  extracted  by  boiling  with  distilled  water  to  dissolve 
any  small  quantities  of  (NH*)^PdCla  stlU  remaining* 

The  very  pure  platinum  obtained  after  ignition  la  free  of  all  the 
other  platlmim  metals,  gold  and  the  heavy  base  metals*  H the  Pt 
still  contains  a few  tenths  or  hundredths  of  a percent  Of  Ir,  the 
purification  process  can  be  repeated* 

HETEElENCESi 

1,  W,  von  Schneider.  Liebigs  Ann*  6*  371  (1997). 

2,  K.  Seubert*  Ibid*  8 (1881), 

3,  P.  Mylius  and  F.  Forster*  Ber*dtsch.  chem*Ges«  25*  fi65  (1992)* 
4*  E,  H*  Heerink*  Z*  anorg.  allg,  Chem*  173,  46  (1928)« 

5*  F,  Mylius  and  A,  Maaaucchelll,  Ibid*  fl9,  1 (1914), 


Reclaimed  Platinum 

In  order  to  reclaim  platinum  residues  from  the  laboratory  (e*g*, 
platinum  absorbed  on  filter  papers,  scraps^  filter  aah,  etCi),  these 
are  well  ignited  and  then  sieved  thro^h  a fine  screen,  separating 
the  residues  into  “fine’*  and  “coarse**  fractions. 

The  coarse  fraction  remaining  on  the  screen  contains  the 
metallic  residues,  such  as  small  pieces  of  vdre,  small  cUppings 
and  pieces  of  foil.  It  is  advisable  to  pass  a magnet  through  this 
material  to  locate  and  remove  any  Iron  present  In  the  form  of 
nails,  wire,  etc.  In  some  cases,  it  may  be  advisable  to  extract  the 
iron  from  this  fraction  by  boiling  with  dilute  hydrochloric  acid. 
Copper  or  brass  residues  are  extracted  by  boiling  with  dilute 
nitric  acid*  The  coarse  material  Is  then  dissolved  in  aqua  regia 
and  processed  to  recover  the  Pt  and  its  associated  metals* 
order  to  ej^l  the  nitric  oxides  present,  the  aqua  regia  solution 
evaporated  to  a sirupy  thickness*  taken  up  with  water  and  soj^ 
dll.  hydrochloric  acid,  and  treated  with  NH4CI  to  precipitate  the 
(NH^JaPtClft*  The  Pt  still  remaining  in  the  mother  liquor  is  pre- 
cipitated with  pure  Zn*  ^ j ^ m 

The  iron  in  the  fine  fraction  is  first  extracted  by  boiliug 
dilute  hydrochloric  acid;  after  ignition*  the  residue  is  disaolv^^ 
heating  in  aqua  regia.  This  solution  la  evaporated  to  a 


H.  L.  snuBE 


*ud  Uken  up  with  HsO  and  HCli  the  Pt  le  precipitated  as 

*^*H^*a2S  solutions  or  more  or  less  reduced  salts  and  preparations 
are  to  be  processed,  Berthold’s  work-up  method  ia  recommended. 
Often  dirt  appears  in  the  residue  on  long  standing,  and  sometimes 
^ Pt  salts  are  partially  reduced  hy  alcohol  on  long  storage,  in 
case  the  liquid  is  first  filtered,  the  residue  la  treated  with 
aqua  regia  to  dissolve  any  platinum  U may  contain,  and  the  re- 
sultinff  solution  Is  filtered. 

Tins  last  filtTfttfi  is  not  ooitibin&d  with  thG  first  onOf  hut  I3 
evaporated  to  drive  off  the  aqua  regia.  The  residue  is  extracted 
with  hot  water  and  this  solution  added  to  the  main  (that  ia,  the  first) 

filtrate*  , ^ * 

When  the  solution  to  be  worked  up  originates  from  an  analytical 
laboratory,  the  nrtaln  impurities  are  likely  to  be  salts  of  K,  Na,  Mg 
and  NEfc.  Alcohol  and  ether  may  also  be  present*  In  this  case,  the 
liquid  Is  treated  with  som^  cone,  HCl  and  pure  Zn,  tf  KaPtCl^  pre- 
cipitates, It  must  be  reduced  by  heating  to  convert  it  into  soluble 
material.  Any  alcohol  or  ether  present  must  first  be  driven  off. 

After  the  reduction,  which  is  clearly  indicated  by  the  decolora- 
tion of  the  liquid,  the  supernatant  is  decanted;  the  residue  Is 
thoroughly  extracted  by  boiling  with  cone,  HCl  and  washed  by 
decantation  with  hot  distilled  water  until  the  wash  water  no  longer 
coutaiika  any  chloride^ 

Double  salts  containing  a platinum  and  an  alkali  metal  Ion  (atid 
especially  the  ammonium  ion)  are  best  treated  by  careful  calcina- 
tion  in  a Pt  crucible  under  a layer  of  NHj^CI,  extraction  with  boil- 
ing water  acidifed  with  acme  hydrochloric  acidp  and  reign itlon* 

For  reclaiming  procedure  for  Pt  from  Electrolytic  Pt  baths, 
see  p*  IB67. 

REFEKENCE: 

A.  BerthDld.  2.  angew.  Chpm.  14,  621  (1901). 


Ptafrnufn  SpPnge 

sponge  Is  best  produced  by  prolonged  Ignition  of 
(WH^jaPtCU  m a Pt  dish  or  bowl  (dull  red  heat,  about  600  *C).  The 

^ hydrochloric  acid,  and 

^n  with  distilled  H3O.  Finally  It  Is  gently  heated  again  in  a pt 


Plalmum  Olack 


Of  the  varloue  methods 
*«*  described  by  Gatbter 


of  preparation  given  in  the  literature, 
aud  Malscb  seems  to  be  the  best.  A &h- 
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s£»lution  of  H^PtCl^  is  heated,  neutralized  with  Na^CQ^^aiKi  poured 
jj>to  a boiling  solution  of  sodium  formaie.  The  blaoh  reetdue  'Wblc>b 
precipitates  immediately  Is  washed  by  deoaixtattoii  with  botl!^« 
It  is  then  filtered  off  with  suction  aiad  freed  from  tealdual  wateir  hjr 
pres&iiig  between  filter  papers;  It  is  further  dried  over  P^.  or 
cone* 

PtlOPEUTIES: 

Black  powder*  very  active  toward  with  a maximum  ab- 
sorptive capacity  for  H,  at  0“C- 

ftEFEHENCE: 

A*  Gutbler  and  O,  MalscK  Ber-  dtach*  chem.  Ges*  1370  (1910)* 


Ptotmized  Asbestos 

Asbestos  is  saturated  with  an  alcoholic  solution  of  HaPtCU ' 
6 H^O  (technical  ^ ^platinum  chloride*'),  thereby  producing  a mate- 
rial with  a definite  platinum  concentration*  Ih  view  of  the  cost  of 
the  solution*  the  calculated  quantity  of  HgPtCla  must  be  absorbed 
quantitatively  by  the  asbestos;  it  is  therefore  essential  to  eetabiiab 
accurately  (by  preliminary  esqjerlmenta)  the  absorbance  of  the 
asbestos  to  be  used-  The  HaPtCla-eaturated  asbestos  Is  kneaded  as 
uniformly  as  possible  and  the  mass  is  ignited  while  being  agitated 
with  a Pt  spatula  or  rod-  This  method  is  particularly  suitable  for 
producing  asbestos  with  low  Pt  contents  (0*1-1%  Pt>*  Ba  advent aga 
lies  in  that  the  product  contains  no  foreign  salts  which  could  ob* 
struct  the  pores  of  the  asbestos  fibers  and  adversely  affect  ite 
catalytic  activlty- 

To  prepare  platinized  asbestos  with  high  platinum  contents 
(5-10%),  the  mass  Is  saturated  with  a HaPtCU  solution  which  dbte 
not  contain  alcohol*  The  procedure  ia  the  same  as  described  above. 
The  mass  is  made  slightly  alkaline  by  treating  It  with  dil*  sodlufe 
hydroxide*  and  the  chloride  Is  then  reduced  to  fine,  particulate  Ft 
with  sodium  formate*  The  reduction  la  best  carried  put  In  a mitHte 
furnace  at  about  300-400*0*  Finally  the  asbestos  is  freed:'o* 
aJkaJi  salts  by  thorough  washing  with  cold  water  and  Is  dried 
mufOe  furance.  At  this  point  the  asbestoa  should  be  ll^t  gray,  ^ 

Erdmann  gives  another  method-  Asbestos  saturated  with 
HaPtCla  is  placed  in  a cone-  solution  of  NH+Ch  The 
which  la  thus  permeated  with  (NK*)sPtCU,  la  placed  on  a glass 
funnel  to  allow  the  excess  solution  to  drain*  and  is  then  s|owJy 
heated  to  incandescence*  This  produces  an  asbeato  wl^  a 
concentration  of  platinum  sponge;  however*  the  uniform!^  of  ^ 
product  leaves  much  to  be  doalred. 
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TTM-  wiitlvticM  purposes  the  pJetlniaed  asbestos  fibers  should  be 
as  ^possible  (almost  powdery).  For  large-scale  catalytic 
JroSsses,  the  fibers  should,  on  the  other  hand,  be  as  long  aa 
posstbto* 


REFEJlENCE: 

O-  Erdmann.  Lehrb.  d.  ancrg.  Chem.  [Inorganic  Chemistry  Text), 
5th  ed.,  p.  175  (1910)* 


Hofidling  of  Ptotinum  Equipmfti^t 

Because  the  various  chemicals  used  m ignition  and  melting 
processes  may  be  corrosive  ^ certain  precautions  must  be  observed 
in  using  platinum  apparatus.  Unfortunately , the  use  of  platinum  as 
vessel  material  is  not  a panacea  for  all  the  cor ros ion  problems 
that  plague  the  chemist. 

Materials  which  readily  form  alloys  with  Pt  (nonmetals  P,  Aa, 
Te*  Sip  B and  C)  or  metals  which  melt  at  low  temperatures  {Pb  or 
Sn)  or  substances  which  liberate  these  materials  during  ignition  or 
melting  processes  can  not  only  damage  but  even  destroy  pUtLnum 
apparatus.  This  also  holds  for  all  meito  containing  potassium 
hydroxide*  sodium  nitrate*  or  mixtures  of  the  alkali  hydroxides  or 
alkali  carbonates  with  sodium  nitrate;  melts  containing  peroxides, 
cyanides  or  sulfides  are  particularly  injurious  to  crucibles. 

In  general*  ignitions  should  not  be  carried  out  at  unnecessarily 
high  temperatures  or  with  reducing  flames;  reduction  with  an 
acetylene  flame  is  forbidden. 

Reducing  conditions  involving  burner  or  flue  gases ^ activated 
charcoal  and  the  like  are  particularly  deleterious  when  free 
silicic  acid  is  also  present.  In  this  case*  platinum- silicon  alloys 
are  formed*  leading  to  the  characteristic  silicon  fracture^ 

The  critical  corrosion  temperature,  l-e-,  the  temperature  above 
which  serious  corrosion  occurs,  generally  lies  around  700*C, 
However,  this  temperature  is  about  500-600 “'C  for  melts  consisting 
mainly  of  KOH*  Ba(OH)s^  peroxides  or  oyanides;  for  melts  com* 
^sed  mainly  of  carbonates  or  neutral  salts,  it  is  BOO^C  or  some- 
fldtat  higher*  Further  details  are  given  in  the  MItteilungen  aus 

rtf Rsraeus  Co*,  Hanau;  publications 
01  the  Engelhardt  Industries,  Newark,  N*  J*;  G*  Bauer*  Chemlkei- 
§£i  357  U938)* 


CLEAVING 

^ VBBsels  after  uae  essential.  Usually  J 
ontesta  can  be  easily  removed  by  mechanical  means*  J 
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Jjfi  soirte  cases,  the  ccntsDts  can  be  dissolved  with  wiann 
chloric  acid  or  chlorine -free  nitric  acid.  H this  doea  not  su££lc«, 
aodiiun  pyrosulfate  is  heated  in  the  Pt  crucible  ™tU  Ubentton  of 
the  molten  liquid  is  poured  out,  and  the  material  stUl  adhering 
to  the  wails  Is  dissolved  with  hot  water  (O*  Brunck)*  The  crucitde 
is  not  damaged  at  all  by  this  treatment.  If  the  edges  of  the  crucible 
lid  become  bent  out  of  shape*  they  can  be  smoothed  out  against  ft 
glass  plate  with  a spatula  made  of  horn  or  plastic*  A very  bo^ 
dented  crucible  should  best  be  repaired  by  a goldsmith  or  other 
expert. 

A Pt  crucible  that  develops  a small  tear  due  to  careless  bandl* 
ing  can  readily  be  repaired  in  the  laboratory*  A small  piece  of 
thin  gold  foil  of  suitable  size  and  shape  is  placed  over  the  tear*  and 
the  spot  is  heated  with  an  oxy hydrogen  torch  until  the  gold  melts* 
after  which  the  patch  is  smoothed  with  a burnisher*  Such  a crucible 
can  still  be  used  for  most  purposes.  Very  small  tears  can  be  healed 
with  an  oxyhydrogen  torch*  there  is  no  need  for  a patch  material  in 
this  case.  Platinum  wires*  e.g.,  the  leads  to  thermocot^lea  or 
electrodes,  can  also  be  welded  together  quite  simply  with  an  oxy- 
hydrogen torch:  the  two  wires  to  be  joined  are  laid  clofle  together 
and  fused*  or  are  welded  together  at  a slightly  lower  temperature 
by  a light  tap  with  a hammer. 

Jn  ease  of  serious  damage*  however,  it  ie  advisable  to  have  the 
vessel  repaired  by  a specialists 


Ptotinum  Electroplating 


Thin  layers  of  platinum  can  easily  be  deposited  from  electro- 
lytic baths*  however*  the  deposition  must  be  repeated  several 
times  to  produce  thicker  deposits « 

Bottger  gives  a very  good  bath  formula;  it  consists  of  a solution 
of  (NH+jaPtClfl  in  sodium  Citrate.  Langbein  gives  the  followliig 
instructions  for  preparing  this  bath:  500  g,  of  citric  acid  is  dis- 
solved in  two  liters  of  H3O  and  neutralized  with  sodium  hydroxide. 
This  solution  Is  heated  to  boiling  and  the  (NHJ aPtCU,  fresWy 
precipitated  from  a solution  of  75  g*  of  dry  HsPtCl^*  is  added  with 
stirring;  the  mixture  Is  heated  until  the  Is  coippietely 

dissolved;  the  solution  is  then  cooled  and  diluted  with  HgO  to  five 
liters.  To  reduce  the  eleotrical  reslatanee  of  the  batht  4f*S  ^ o£ 


m^Cl  is  added  per  liter,  ^ ^ . 

The  electrolysis  proceeds  at  3-4  volts*  a current 
0*065  ampVin**  and  a temp&rature  of  7O-90*C.  Th^Pt  sheet# 
always  used  as  the  anode  In  platinum  plating  baths;  It  Is  sci^cely 
attacked  at  all.  The  bath  must  alwajs  be  keiiit  sH^ly  alkalitie;  If 
this  la  no  lonfier  the  case  after  proloi«ed  passage  of  ©irrwft*- 
dilute  aqueous  ammonia  is  added  until  an  odor  of  ammOBlSi 
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aaaeenUe.  if  the  bath  U acid.  Pt  sponge  will  rapidly  precipl^ 

w Keitel  et  al.  give  another  bath  formula:  eia-djnittodiam- 
™i,»nlatinum  is  dissolved  in  ammonia,  and  ammonium  nitrate  and 
SS  nSrite  are  added  to  improve  the  conductivity  of  the  bath. 

Obtects  to  be  plated  with  platinum  (cathodes)  are  prepared  in 
AxaeUv  the  same  way  as  in  any  other  method  of  electroplating.  Given 
the  CMt  of  platinum,  these  objects  are  usually  small,  platinum 
electrolysis  vessels  therefore  need  to  hold  only  a few  liters  of  the 
solution'  the  vessel  will  thus  usually  be  a glass  or  porcelain  beaker 
or  a small  irontroughcoatedon  the  inside  with  a special  alkail-  and 
acid-resistant  enamel.  If  the  platinum  deposit  is  too  dull,  it  can  be 
rubbed  and  scoured  in  the  same  way  as  gilt- ware,  and  then  replaced  in 
the  platinum  bath  to  deposit  a further  platinum  layer;  this  treatment 
may  be  repeated  until  the  required  deposit  thickness  la  reached. 

The  current  efficiency  in  platinum  coating  is  very  small  (oidy 
30-40%  of  the  theoretical)  since  large  quantities  of  energy  are 
consumed  in  liberating  the  great  amount  of  that  evolves.  This 
Ha  also  hardens  the  platinum  deposits. 


REFERENCE; 

Pfanhauser  et  al.  Galvanotechnik  [Applied  Electrochemistry), 
Leipzig,  1949,  pp.  939-942;  gives  further  details  on  bath  com- 
positions and  on  other  recently  developed  plating  baths. 

According  to  Lummer  and  Kurlbaurrif  the  iiq[uld  isaost  suitable 
for  the  pIatini2;ation  of  electrodes  for  potential  measurements  coti’- 
sists  of  3 g.  of  KBPtClfl  * 6 HbO  plus  0.10  g*  of  lead  acetate  In  97 
mL  of  HaO;  the  bath  temperature  is  20-30 *C>  the  potential  about  4 
volts*  Two  series -connected  storage  batteries  are  used  as  a power 
source  and  the  current  is  regulated  to  produce  a moderate  gas 
evolution.  The  current  is  reversed,  so  that  each  ejectrewie  serves 
alternately  as  the  anode  and  cathode*  The  total  time  for  initial 
platlnl^atlon  Is  10-15  minutes;  usually  only  1-2  minutes  is  sufficient 
for  replatlng  electrodes  already  covered  withplatlmun  black  (before 
^atlnum  plating  these  electrodes  must  be  carefully  cleaned;  it  Is 
best  to  do  this  with  ohromosulftirlc  acid). 

A thtn  coat  of  platiTmm  (burnished  platinum)  can  be  produced  on 
g ass  and  porcelain  by  biking  on  either  of  the  followinir  special 
solutions: 


^ plfttlnic  chloride  (HaPtClo  • 6 HaO)  In  34 
hoiEf  tiil**  mixed  with  10  ml,  of  a concentrated  aloe- 

X boric  acid  and  25  ml,  of  a solution  of  Venetiw 

twpeatine  In  lavender  oil. 

I/"  Piatinlc  chloride  (HaPtCU-  6 H®0)  in  tlw 
unt  of  abeolute  alcobol  Js  added  slowly  (stirring)  b 
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6 ml-  of  icre-cold  lavender  oil*  After  wiirmlDg^  Burgundy  pltcb  I0 
added  to  the  mixture  to  give  the  required  conslsteDoy, 

IfL  either  oase,  the  plattuum-coutainlt^  mase  la  spread  unt* 
formly  ort  the  glass  (or  porcelain)  and  carefully  heat-dried  so  that 
no  bubbles  develop.  The  coated  surface  Is  then  heated  to  a dull  red 
heat  in  a muffle  furnace  or  in  a sulfur-free  blowtorch  flame* 

The  ingredlenta  of  these  solutions  are  not  usually  available  In 
the  laboratory*  However*  ready-for-use  solutions  for  producing 
burnished  platinum  (with  instructions)  are  provided  by  oomponiee 
handling  noble  metals  (e,g*,  W.  Ci  Heraeus  of  Hanau  or  Degussa  ^ 
Frankfurt  or  Engelhardt  Industries  of  Newark*  N*  J,)* 

REFEBENGE: 

Os twald- Luther,  Physlko-Chemische  Messungen  IPhyBlcochemlcal 
Measurements]*  4th  ed.,  Leipzig,  1925,  pp,  156-159. 

ri-clmming  platinum  from  used  baths 

If  the  liquid  quantity  Is  not  too  large,  then  the  best  method  is  to 
precipitate  the  platinum  with  H3S  (this  is  preferred  over  the  pro- 
cedure involving  concentration  of  the  solution  axid  reduction  of  the 
residue  to  the  metal).  The  platinum  can  be  precipitated  from  larger 
liquid  quantities  with  pure  2n  (following  acidification  of  the  bath 
liquid). 


Plctinum  Chlorides 

Stretcher  and  Kruatlnsons  gives  the  following  facts  ab^t  th^ 
stability  of  chlorides  of  platinum  as  a function  of  temperature  at 
1 atm*  of  CI3  pressure: 

PtCU  (russet)  stable  up  to  3S2*C, 

PtCla  (dark  green)  stable  between  382  and  435  C,  ^ 

PtCla  (greenish  brown)  aUble  between  43B  and  515  C-  . i 

The  existence  of  PtCl  (pale  yellow-green).  581-S83  C,  Is  aot 
altogether  certain. 


RBFEBENCES; 


S.  Stretcher.  Thesis.  Unlv.  of  Darmstadt.  19Wj  J.  Kresttosone^^^j 
Elektrochem.  (1938J* 
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tube  made  of  hlgb-melting  glass.  The  temperahupe  is 
SSSSi  Slow^  from  GO  to  J60*c,  which  drives  off  water.  When 
te^steriia  is  completely  dry.  the  temperature  Is  raised  to  276- 
300*  over  a period  of  two  hours,  and  held  at  this  level  for  0.5  hour. 
tS  ^perSre  must  not  be  allowed  to  rise  above  360 'C.  After 
cooUdk  trabout  ISO'C,  the  product  is  removed,  (juickly  ground,  re- 
Dlaced  in  the  combustion  boat,  and  reheated  for  0.5  hour  at  2?5*C 
while  a stream  of  CI3  Is  passed  over  it.  The  resultant  chloride  is 
Dlac^  while  still  hot^  in  a hermetically  closable  storage  bottle^ 
The  yield  from  6 g of  H^PtCIe  ' 6 is  3*7  g+  Of  PtCi+* 


PROPERTIES: 

Bed-tarown,  very  hygroscopic  crystals*  Very  soluble  in  water, 
sparingly  soluble  In  alcohol*  Absorbs  moisture  on  standing  In  air, 
yielding  PtCl*  ' 5 H3O* 

Ri:Fi;REEiCEE: 

A*  Gutbier-  Z.  anorg,  Chem.  3B1  (1913);  M-  S-  Kharaseh  and 
Ta  A.  Ashford.  J,  Amer,  Chem*  Soc*  gig.,  1736  (1936);  R,  N* 
Keller  in:  W*  C Fernelius,  Inorg-  Syntheses,  Vol.  II,  New 
York'London,  1946,  p-  247. 


PtCfj 


L Prepared  by  heating  platinum  sponge  to  about  500 *C  in  a stream 
of  Clg  OT,  better,  by  thermal  decomposition  of  PtCl.4  or  H^PtcU  - 
6 

The  HaPtClfl^e  H5O  (or  the  commerical  product  containing 
40%  Pt)  Ig  subjected  to  a preliminary  decomposition  over  a free 
flame  at  ISO^’C-  The  resulting  residue  is  ground  and  decomposed 
in  a slow  air  stream  at  360 *C.  Dependingou  the  quantities  involved, 
the  operatien  may  require  several  hours.  At  the  end  the  undecam" 
posed  HgPtCla  should  be  removed  by  extracting  and  washing  with 
HgO,  after  which  the  product  is  redrled  at  360*C. 

PROPERTIES: 


Formu^  weight  266,0*  Greenish-brown  powder.  Ihsoluble  it 
dry  Ptcij  forms  a very  volatile  carbonyl  chloride 
73.,  gases  containing  CO  should  not  be  used  in  reducrtlirt 

pla  mum  chloride  (the  same  holds  for  the  chlorides  o: 

R£r£R£t4G£i 

"■  ^ j.  Amer.  cfiem.  Soc.Si.  177< 
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u.  A chocolate-brown  form  of  platinum  (II)  chloride  can  be  pre* 
pared  by  careful  concentratioin  of  a solution  of  tetrachloroplatinlc 
(11)  acid  (see  p*  1670]  in  hydrochlocrie  acld^  this  material  Is  more 
soluble  In  hydrochloric  add  and  aqueous  animonta  tte  product 
obtained  by  method  L 

REFEi4ENCE^ 

w.  E,  Cooley  and  D*  H*  Busch  in:  T*  Moeller^  Inorg,  Syntheses, 
Vob  V.  New  Vork-TorontO’London,  1957»  p-  208* 


Hexochldroplotinlc  [tVJ  Acid 
HtViCli^eHtO 

Obtained  by  dissolving  platinum  in  aqua  regia*  To  prepare  large 
quantities,  the  platinum,  in  the  form  of  thin  shavings  of  foil,  Is  dis- 
solved in  a porcelain  or  glass  veg$el  and  the  solution  poured  into  a 
porcelain  dish*  Hydrochloric  acid  is  added  and  the  solution  evapo- 
rated to  sirupy  consistency  in  order  to  drive  off  the  nitric  acid  and 
any  PtCl^  * 2 NOCI  which  may  form*  The  thick  solution  is  taken  up 
with  HCl  and  the  resulting  solution  raevaporated  to  a sirup*  This 
is  repeated  several  times.  Since  the  last  traces  of  nitric  oxide  are 
very  difficult  to  remove,  finely  divided  Pt  may  also  be  dissolved  In 
hydrochloric  acid  through  which  CU  is  bubbled  (or  nascent  Clg  may 
be  generated  In  the  solution  itself  by  carefully  adding  HCIO^  or 
HaOs  to  it). 

The  concentrated  aolutlon  is  placed  in  a large  tared  dish  and 
the  percentage  of  platinum  in  the  chloride  is  adjusted  (usually  to 
39,5  or  40%)  by  controlled  evaporation  of  the  aold  on  a burner 
{cheok  on  the  decrease  in  weight),  * ^ j, 

When  the  required  percentage  of  platinum  is  reached,  thedlsa 
Is  removed  from  the  burner  and  allowed  to  stand  until  file  chlorld^ 
solution  becomes  a definite  slurry-  The  solution  is  then  stirred 
with  a thick  glass  rod  until  it  is  completely  cool* 


SITNONVMS: 

Chloroplatinic  acidr  platinum  chloride,  platinic  chloride, 


MOPERTIESj 


hS  ft!  of  m«t  platinum  oomp^twi  ; 


1SI0 


H,  U GRUBE 


Te»tach(oroplotinic  (II)  Acid 
H,PtCl4 

Stable  only  in  solution:  prepared  by  reduction  of  H^PtCU  with  a 
atotchicttpetric  quantity  of  NaH*  * 2 HCl: 

2 HtPlCli  ■ 6 H,0  + Nilh'SHCI  — 2 H^PtClj  + Ni  + 6HCI  + 12KtO 

Commercial  platinum  chloride  (10  g.,  40%  Pt)  is  dissolved  in  50 
ml  of  water  in  a 150“inL  beaher.  Then  Of  g-  of  solid  2 HCl 

is  'added  in  small  portions,  so  that  the  solution  effervesces  each 
Ume  due  to  evolution  of  Na.  Within  five  minutes  of  adding  the  last 
of  the  hydrazine  salt,  the  deep  red  solution  la  heated  on  a steam 
bath  until  no  further  gas  evolves:  it  is  then  filtered  to  remove  the 
small  quantity  of  platinum  black  which  may  deposit  out. 

rROJ*ERTIES; 

Red  solution:  leaves  a brown  deposit  of  PtCl,  on  careful  evapo- 
ration, Very  stable  In  hydrochloric  acid  solution.  With  aji  excess 
of  ammonia  it  forms  IPt{NHs)4]  [PtClJ  or  fPt(NK3)4]Cls. 

aeCEHSNCE; 

W.  E.  Cooley  and  D.  H.  Busch  Iti;  T,  Moeller,  Inorg,  Syntheses, 
Vol,  V,  New  York-Toronto-London,  1957,  p,  208. 


Ammonium  Hexachioroploflnale  jlV] 

A dUute,  weakly  acidic  (HCl)  solution  of  HaPtCla  is  prepared 
and.  If  that  is  needed,  oxidised  with  It  is  then  reacted  with 

an  excess  of  NH4CI  (at  least  three  parts  by  weight  of  NH^Cl  to  one 
of  Pt)  and  slowly  evaporated  to  dryness  on  a steam  bath.  The  salt 
crust  mixed  with  the  resulting  residue  is  broken  up  with  a glass 
rod  and  the  solids  heated  on  a steam  bath  with  continuous  stirring 
^tjl  the  powdery  mass  no  longer  gives  off  the  odor  of  HCl.  The 
^ residue  is  then  carefully  moistened  with  some  distilled  water, 
ft*  ^ *^4k*  saturated  HH^Cl  solution  and  filtered.  It  Is  washed 

then  with  alcohol.  The  mother  liquor 
ma„44  completely  colorless  and  show  only  traces  ofpton 
reaction  with  HaS  and  SnCl^, 


SVHOHTMS; 

Ptatlnlc  salanunoniac. 


flmmonluxn  platlnlcblorlde,  amdoiil'wo^ 
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PROPEHTTCS:  ^ 

FormiUa  weight  443.9.  Lemon-yeilow  octal^dra.  A cok«  ^ 
yellow  ochre  to  brick  red  instead  of  lemoit  yellow  iudlcetee 
presence  of  other  platinum  metals,  particularly  Pd,  Ir  aodltu. 
Greenish-yellow  to  green  indicates  that  Rh  ia  present.  Con^Jetely 
decomposed  on  ignltton  In  a platinum  dish,  leaving  fine  particles  0$. 
platinum  sponge.  Very  sparingly  soluble  In  HgO,  less  soluble  in 
NK*C1  solutions.  Solubility  (15,5  *C)  0.67  g.,  <100  “C)  1.25  g.AOO  nij, 
H^O-  Colorless  solution  in  cone,  ammonia.  Like  K^PtCU,  <naninKia 
in  alcohol. 


Potassium  Keaachloroptatinota  [)V} 

K.PICU 

Prepared  by  adding  a solution  of  KCl  to  HaPtCl«  (the  ratio  of 
solid  components  is  3:1).  For  complete  precipitatlonofthe  Pt  with 
KCl  or  NH4CI,  the  Pt  must  be  completely  oxidized  to  the  4 4 state 
and  the  solution  must  be  as  concentrated  as  passible;  however,  the 
solution  should  not  be  so  concentrated  that  It  becomes  viscous  while 
the  product  Is  being  formed. 

6WONYM! 

Potassium  platinichloride. 

PAOPS  STIES; 

Formula  weight  466.0.  Pure  yellow  crystals  {dissolve  with  dJlB- 
culty  in  water;  Insoluble  in  alcohol.  The  color  changes  in  the 
presence  of  the  other  platinum  metals  in  the  same  way  as  does 
that  of  <HKOsPtCla.  Solubility  la  water: 

*C  g.  KaPtCls/lOO  g.  HaO 

0 0.74 

10  0-90 

20  1*12 

50  2.16 

go  3*7® 

100  5*13 


Sodioin  Hexochloroplotirafe  (IV) 
NaiPiCI.,  Na^lCl.'flH,0 

Prepared  by  passing 
twice  Its  wei^t  of  HaCi* 


CU  wet  ft  iiOxtujfeofpfetliiwm;™ 


■■  *x- 

:■  1 ■ 


IS?1 


H,  U.  ORUBE 


but  should  flOt  under  circumstances  exceed  660»c. 
SSficMi™  is  effected  W solution  of  the  product  In  alcohol. 
SSSlon  to  remove  NaCJ  and  pUtlnum  metals,  and  concentration 
Stt*  solutton.  after  which  the  salt  ia  dried  in  a drylne  oven. 

Uto^reaoUon  tnUtere  Is  dissolved  In  water  (^tead  ^alcohol) 
and  the  solution  concentrated,  Na^PtCU  • 6 H^O  produced  as 
trlclinlc.  oran«e-cclored  crystals.  A very  p^e  salt  is  obtained 
by  reerystallteatlon  from  1%  soda  solution;  it  loses  Its  water  of 
orystallteatlon  below  lOO'C. 


STNONYMi 

Sodium  platiulchloride* 


PftOPEHTIES: 

Formula  weight  (anhydrous)  453*8*  Orange  crystals-  Soluble  in 
water  and  alcohol. 


KEJi’OEJJCE: 

L*  iVShler  and  P-  Baia.  Z.  anorg*  allg,  Chem- 149,  356  (1925>- 


Potos^ium  TetrochloroplatEnate  (It) 

KiPtCt^ 

Prepared  by  reduction  of  KsPtCIa  with  SO^  or  - 2 HCl, 

L A suspeDsion  of  4,7  g,  of  K^PtCU  ^ HgO  ia  prepared 

in  a 50-mh  beaker;  small  portions  of  freshly  prepared  SO^  solution 
are  added  while  stirring  the  suspension  mechanically  and  heating 
it  to  85-90 on  a water  bath.  About  15  additions  of  0-6  mh  should 
be  made  first,  followed  by  10-15  additions  of  0*4  ml*  After  each 
addition^  2-3  minutes  (later  3-4  minutes)  should  be  allowed  until 
the  SOa  is  Consumed  and  its  odor  disappears*  Toward  the  end  of  the 
reduction,  when  the  suspended  particles  are  gradually  dls appearing* 
it  is  necessary  to  proceed  even  more  e lowly.  Tine  solution  remain- 
^ reduction  Is  concentrated  on  a water  bath  until 

tegfns.  After  cooling,  it  la  a action- filtered,  wvd  the 
is  dissolved  in  40ml,  of  cold  water,  filtered  to  remove 
uj^_f KaPtClg,  and  the  reeidue  rinsed  with  5 ml.  of 
T * carefully  transferred  (rinsing  with  10  ml.  of 

its  total  volume  at  this  point  is 
a i I mixture  of  acetone  and  ether  is 
attrring.  This  precipitates  the  solid  chloroplatinate, 
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which  Is  allowed  to  settle*  The  bright  yellow  liquid  Is  deoa&tedj^  mi 
the  salt  is  washed  three  tlm63  with  120  ml.  of  acetone-ether  mixture 

{decaittation}  and  then  three  times  with  BO  ml.  of  ether*  After 
filtering  and  drying  the  product  In  aji,  the  salt  is  recryetaUlzed 
from  hot,  sllghUy  acidified  water. 

IL  The  KaPtCla  Can  be  reduced  with  MaH*  * 2 HGl  in  the  same  way 
as  HaPtCle. 

2K,rtCU  + N,K,‘2HC1  = 2KtPiCI*  + 0HCJ  + N* 

973.1  105.0  sao.3 

The  KaPtCle  is  suspended  (brisk  stirring)  in  10-12  timee  its 
weight  of  water-  With  continuous  stlrrlngi  the  Stoichiometric 
quantity  of  ^olid  NgH*  ♦ 2 HCl  In  added  In  small  portioiLS^  the 
temperature  being  raised  to  50*C  within  10  minutes.  The  KgPtClo 
dissolves  with  evolution  of  N3*  The  solution  la  tarou^ttothe 
boiling  point,  filtered  and  concentrated,  first  over  an  open  flame 
and  then  on  a water  bath,  until  crystallisation  begins^  Since  no 
foreign  ions  are  introduced  in  this  pTeparattyc  method,  recryatal" 
Itzation  can  be  omitted,  provided  the  starting  materials  used  are 
pure* 

An  excess  of  N3H4  ♦ 2 HCl  leads  to  the  formation  of  platinum 
black,  while  a deficiency  leaves  undiBSolved  KgPtCl^ 

The  compounds  (NH+Js^^CU  and  KaaPtCU  can  also  beprepaxed 
in  this  way. 

PROPERTIES: 

Formula  weight  41S.1.  Bed  crystals  or  bright  red  powder. 
Solubility  in  water  (16")  0.93  g.,  (100"C)  6.3  g./100  ml.  Insoluble 
in  alcohol;  reduced  in  alcohol. 


ReFEAENCSS: 


L Magnus.  Pogg.  Ann.  1^,  241  (1828).  vni  it 

n.  R.  N,  Keller  In;  W.  C.  Fernelius.  Inorg. 

Hew  Yerk-Lo«i™.  IMe.  p.  «• 

SavePeva,  abstract  in  Cheni.  Abs.  Bl.  10268  (i9&7Je  . 


PJotirtum  IN)  Oxide 
PtO 


WBUer",  .eethod  U eeooaaee.^  ^ 

Oscvffen  la  naaaed  at  1S0*C  over  platinum  sp<MSe» 


H.  u eftuac 


PtlOI«lITlE&i 


CobplotalY  Mii^ydrous  black  powder,  ^adily  s^^lubie  in  aqua 

M tostently  reduced  by  H,  at  ordinary  temper atures^iberatlng 
St  ««1  forming  gray  platinum  sponge.  Decomposes  atatmospberk 
pressure  (66a"C);  2 PtO  = 2 Pt  + Os- 


RCFEHEWCE: 

L,  WBhler+  Z*  Elektrochem,  15j  1^6  (1909)- 


Ptatinum  jJV]  Oxide 
PlOt'iHxO 

L It  is  impossible  to  prepare  completely  anhydrous  PtO^  without 
decomposing  It-  In  addltloHi  even  the  hydrated  materUi  (which 
contains  variabte  quantities  of  water)  is  not  easy  to  obtain  in  pure 
form.  The  procedure  of  Wohler  and  Frey  appears  to  be  the  most 
suitable,  Red-brovm  hydrated  platinum  dioxide  Is  precipitated  by 
boiling  a pure^  concentrated  solution  of  HaPtCla  with  concentrated 
NaaCOa  Solution,  The  precipitated  solid  Js  made  acid- insoluble  by 
heating  for  several  hours  in  a drying  oven  at  200^C;  it  is  then 
freed  of  chlorides  by  vigorous  boiling  with  dilute  soda  solution  and 
distilled  water*  Finally , it  Is  freed  of  alkali  tay  treatment  with 
dilute  sulfuric  acid  and  distilled  water*  filtered  off  and  dried  on  a 
water  bath. 


PWOPEariES: 

Straw  yellow  after  brief  drying;  on  further  drying,  becomes 
3f€llcw  oohre  and  thau  dark  hrowm  at  this  point  the  oxide  Is  add” 
insoluble. 


a£F£REKCE: 

L,  Wohler,  2.  anoyg,  Chem.  436  (1804), 

glutton  of  HaPtClft  (10  ml.)  is  added  to  9 g.  of  KsMOa  1 
& ml.  beaker*  The  solution  is  evaporated  to  dryness  over 
uam  (coTcted  with  asbestos-wire  gauae)  while  continuously  stirrlji 
i»i.i  Local  melting  of  the  mixture  must  be  careful! 

awided.  Thto  100  g.  of  NaNOa  is  heated  to  520  *C  in  a 40G-m 
tcontrolUng  the  temperature  with  a thetmocoi^le),  M 

^“***^“®  ^*'‘^**1  tli®  evaporation  is  added  at  one* 
iB  then  removed.  The  oJive-hrofwn  platinum  oxide  J 
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l^-^Ktativelyand  BeWearspltfly.  Burlaff 
Is  rotated.  aothatoS^  wMifa*^ 
partlolea,  tbus  avoiding'  tbe  craokln^  of 

The  cooled  melt  is  dissolved  la  about  two  liters  of  K^,  and  fte 
res  ld«e  is  filtered  off  with  suction,  it  is  then  washed  repeatedly 
with  HflOi  taking  care  that  the  residue  remains  covered  with  water 
at  all  ttoeSs  since  cUierwls^  It  passes  into  aolution  as  a ooUol^ 
Finally  it  is  dried  over  CaGlg  In  an  evacuated  dasicoator* 

VMPEHTIES; 


Heavy  brown  powder;  luBolubie  tn  aqua  regia*  Blackens  and 
settles  rapidly  when  treated  with  Hainan  alcoholic  suspension  (ftis 
powder  is  soluble  in  aqua  regia)*  Very  active  catalyst  for  the  hy- 
drogenation of  olefins  and  carbonyl  groups* 

BEFERENCE: 


V*  It-  Framton*  J,  D-  Edwards^  Jr,,  and  H.  E-  Hen^ev  Ji  Amer* 
Chem*  Soc*  7^  4432  (1951), 


Hexahydroxyplaliaotss  (IV) 
Na,Ft(OH},  LHtO,  KiFlfOH),  * x H|0 


An  aqueous  solution  of  Na^PtClo  KsPtGifl  is  boiled  with 
NaOH  and  then  treated  with  alcohol*  The  precipitate  cons  lata  of 
small  colorless  crystals ^ which  are  filtered  off  and  dried  In  air* 
Depending  on  the  conditions  of  precipitation,  the  product  contalni^ 
from  0*5  to  3 moles  of  HsO*  Aqueous  solutions  of  those  two  salts 
are  very  good  electrolytes  for  electroplating  plattnum, 

■■  V'y  b- 

Ptetinum  (ll}  Sulfide  ^ ^ 

pts 


Produced  by  heating  an  Intimate  mixture  of  very  Sue  powde^^ 
of  platinum  sponge  and  sulfur^  may  also  be  produced  deconm^^ 

tion  of  a boiling  solution  of  PtCJa  by  bubbling  te 
to  it  a solution  of  one  of  the  alkali  sulfides*  The  black  ^ 

can  be  washed  and  dried  without  being  altered- 


PBOPEariES: 

Insoluble  in 
heated  in  air* 


EOlds.  eves  at  the  boa. 


IS»« 


H.  U,  SRUBE 


PloHnuni  \\>f\  Sulflda 
FtSt 


Produced  as  a dark-brown  precipitate  by  passing  HgS  through  a 
hoi  solution  of  BaPtCle  la  hydrochloric  acid.  The  precipitation  can 
^sreatlv  accelerated  and  made  almost  quantitative  if  the  weakly 
acidic  platlnate  solution  is  mixed  with  a 5%  solution  of  MgClg  and 
then  saWated  with  KgS  gas.  After  the  excess  HaS  is  driven  off  by 
boiling,  the  PtSs  is  filtered  off  and  carefully  dried. 


PKOPERTIES! 

Insoluble  in  hydrochloric  and  sulfuric  acids,  soluble  in  nitric 
acid  and  particularly  in  aqua  regia.  Even  though  Pt  belongs  to  the 
group  of  elements  forming  thto  salts,  PtS,  is  only  slightly  soluble 
In  coWless  alkali  sulfides  and  yellow  ammonium  sulfide. 


Potassium  Tetroeyanoplatinoto  tU)  and 
hariuin  Tetracyanoplatlnflte  [H) 

K,Ft(CN},  ■ 3 H.O,  BaPt(CN),  • 4 H,0 

Both  salts  are  obtained  by  precipitation  reactions, 

PtCI,  {K,PtC!i)  4 4KCM  - KjPt{CN),  + 2KCI(4KCt) 

260.0  260S  H9.1  (a9B.2) 

X,PKCN],  + Bad,  = BaPt(CN),  + 2KCt 

0H,0)  (2H.O)  {%  H,0) 

^31.4  244;j  S23.0  149,1 

A solution  of  PtCl,  or  KaPtCZ*  Is  added  to  a cold,  saturated 
solution  of  KCN  (use  a good  hoodl).  The  precipitated  KaPt(CN)it  • 

3 HaO  is  filtered  off  with,  suction.  If  it  is  to  be  used  for  preparing 
the  barium  salt,  it  is  dissolved  In  water  and  treated  with  a con- 
Mnt^ted  aqueous  solution  of  BaCl^  The  precipitated  BaPt(CNV  ■ 

4 HgO  Is  filtered  off  with  suction  and  washed  with  cold  water. 


SYWOKYMS: 

Potassium  platuiocyanlde;  barium  platlnoeyanide. 


FBorsitrtes: 


Polychromatic,  blue  and  yellow.  Beadlly 
the  flolntloT^d  of  It  rapidly  reprecipitates  on  cooling 
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B&[Pt{CK)4]  • 4 H2O;  Crystals  with  hrllllant  pO^ctora^ifliK  ■>■ 
(pleochroism)t  Iridescent  vlolet-hlvie  on  the  prism  ',  •! 

green  ^in  the  ftjdal  direction.  Solubility  (20*C)  a,6  g./lOO  ^ 1^0^ 


Afltmme  Complexes  of  PtoHnvm  (!)} 

■■  i ’ 

(Plofinurti  Ammines) 

Magnus's  Salt  [Pl(NH,)*HPKll  and 
Raiset's  First  Chlorido  [Pt(NHJ,lCi*-IfcO 

An  excess  of  30%  ammonia  Is  addoct  to  a boiling  soluttaQ  of 
KgPtCU  {obtained  by  reduction  of  HsPtClflp  see  p*  1670)*  Coofibg 
precipitates  the  dark-green  crystals  of  Magnus’s  salt*  If  heating 
with  the  excess  of  ammonia  la  continued  with  stirriogp  Ignoring  the 
appearance  of  the  precipitate,  the  latter  redlsaolvea  aiKl  the  solution 
becomes  colorless.  It  now  contains  (PttNH3)+]Cl5,  Aelset’s  first 
chloride-  This  salt  can  be  precipitated  directly  by  adding  alcohol 
whereby  it  is  obtained  as  colorless  crystals,  HowevePt  for  higher 
purity,  the  preparation  should  proceed  via  Magnus’s  salt. 

This  requires  a solution  of  in  which  the  latter  Is  present 

in  a quantity  exactly  equivalent  to  the  Helaefa  chloride.  The 
simplest  way  to  achieve  this  is  to  divide  a gLyen  quantity  of 
HaPtCU  solution  into  two  equal  parts  and  use  only  one  of  these  . 
for  conversionofthesolute  to[Pt(NHa)*]CUlnthe  maimer  described 
above*  The  excess  NH3  is  driven  off  as  completely  as  possible  by 
heating  on  a water  batlu  The  two  solutions  are  then  giadwUy 
combined  (stirring),  and  pure  green  Magnus’s  salt  is  precipitate^ 


lPt(NH,).]a,  ’h  HjPia  = [Ft(NH,)*]tPlCUl  + 2HQ 

- i 

The  precipitate  is  allowed  to  settle,  the  mother  liquor  deoant«^i 
and  the  solid  washed  with  small  portions  of  hot  water  (on  a fUter) 
Until  the  wash  water  Is  free  of  chlorides , The  Magnus’s  salt  Is  now 


purs  and  can  be  dried. 

For  conversion  into  pure  Helset’s  chlorids*  the  moist  MagnH§^  ^ 
salt  is  placed  in  a beaker,  covered  with  some  dll.  bydre^^gi 
acid,  and  treated  with  an  excess  of  concentrated  ammoida, 
mixture  is  boiled  geutly  with  coditlnuous  stlrring»  gtMualJy  " 
solving  the  soUds,  The  evaporating  ammonia  must  be  r^UoeO:;.i5 
from  time  to  time  to  maintain  the  original  volume.  After  ^ gree* 
salt  is  completely  dissolved  the  solution  \ 

faint  odor  of  NHa  remains.  Then  It  Is  neubfaUzed  to 


isn 
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■ the  whit®  precipitate  la  removed,  w*isiied  a few  timee  with 

SSu  portions  of  alcohol-acetone,  and  rinsed  with  p^e  acetone 
OB  a au^on  fUtor.  The  resulUnf  Reiaefs  chloride  la  dried  in  air. 


PeOPEEtTlES; 

Magnus's  salt:  Dark-green  crystalline  needles.  Very  dif- 

ficult to  dissolve  In  water.  Rapidly  transformed  into  trans- 
[PtCla(NH3)s]  on  dry  heating  to  230 “C. 

Belset's  first  chloride:  Colorless  tetragonal  crystals.  Solu- 
bility (20 "CJ  about  20  g./100  g.  HaO:  more  soluble  in  hot  water. 
Insoluble  In  alcohol,  ether  and  acetone.  Forms  the  hydrate 
tPt(NHj)*}Cla*  HaO  OR  recrystalliaation  or  concentration  of  an 
aqueous  solution. 


Reiset's  Second  Chloride 
lraus-[PtCI,{NH,),l 


If  Reiset’s  first  chloride  is  heated  at  250 “C  until  no  further  NHa 
is  given  off,  the  product  is  tran&'-diamminedichlorcplatlnum  (U); 

[Pl(NHj),!C!,  = [F(CU{NHi),l  + 2NHj 
334.1  3O0-1  34.1 

A mixture  of  this  chloride  with  tJl4Cl  is  obtained  by  evapo- 
ratli^  the  firet  chloride  with  a large  excess  of  concentrated  HCI; 
the  NH4CI  is  extracted  from  the  residue  with  cold  water. 

Purification  Is  effected  by  recrystallization  from  hot  water  or 
by  converting  the  solid  to  the  nitrate  by  means  of  AgNOj,  followed 
by  repreclpitatlon  of  the  chloride  from  the  nitrate  solution  with 
concentrated  HCI. 

PflOVERTIIS; 

Suifiir-yellow  crystalline  powder.  Very  slightly  soluble  In  cold 
(100"C)  0,7  g./lOO  g.  HgO.  Decomposes  above 


Peyrone'j  Chloride 


cis-[f(Cl,(NH,),l 


S*  (NHt)aPtCl*  in  100  mb 
th  SO  ml,  of  5 M ammonia  and  allowed  to  stand  i 
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12-48  hours  In  u closed  fiaak  at  0«^C.  The  cryataUDie 
contains  Peyrotte’s  cHloriiie  and  some  Magnus*#  saU. 
is  filtered  off  and  washed  with  ice  water  until  no 
precipitated  from  the  fUtrate  with  PtCl|“.  The  Peryrone's  dfift 
on  the  filter  ia  then  dissolved  with  boiling  watery  andfbeyl 
solution  is  mfaced  with  1/3  its  volume  of  50%  hydroclderte 
After  standing  for  24  hours,  the  crystalline  precipitate  i# 
off,  washed  until  free  of  acid  with  Ice  water  and  then  with 
and  finally  dried  In  air*  Yield;  10.7  g,  ^ 


H,  A lukewarm  solution  of  41  g.  of  K^PtCl*  and  27  g*  of  NlUCt  iJi  ; 

200  ml*  of  H^O  Is  reacted  with  54*4  ml.  of  3,75  N anuttonla.  (0^204  .■ 

mole)  and  allowed  to  stand  for  two  days  at  room  temperatoro  and 
for  an  additional  day  at  0"C*  The  precipitate  which  has  foimert  is 
then  filtered  off  with  suction  (removing  the  liquid  as 
as  passible),  thoroughly  washed  with  Ice  water,  and  dried  in 
The  yield  ia  27*1  g.  of  a product  which  is  not  completely  pure  hut 
contains  p in  addition  to  eis-JPtClalNHa)  a few  percent  of 
Magnuses  salt  and  [PtClCNH^)*!]^  [PtCU]* 


PROPERTIES: 

Yellow  crystalline  powder  (needles  or  platelets) » SoiutAU??; 
(O^C)  0*26  g*,  (100*0  S g*/100  ml*  Dissolves  very  alowly^ 
water  at  100"C-  Rapidly  converted  to  the  trana  compound 
heating  to  275  “C* 


aEFERSNCES: 

Gmellns  Ranrib-  d,  anorg,  Cl^m*  (Gmelin’s  Handbook  of  luorgfl^ 
Chemistry]  I Bth  ed#  {1957),  Platinum,  Part  D#  pp*  45,  63.»  2??:#, 
241  j S*  M-  Jorgensen,  Z-  anorg*  Cbem*  24,  153  (1000); 
Jorgenflen  and  S.  P*  Ij*  Jorgensen,  H>ld«  jJ2> 

Rnmberg,  Ibid*  S3,  33  (1913);  Keller  ia:  W,  C*  Feraellug* 
Inorg*  Syntheses*  Vok  O,  New  York-London,  1946 p p#.  ^BQ-yy  ^ 


cis-DinitrodiomminepIcitinum  (It) 
IPt(NOi>(NHi)il 


The  els  form  of  this  neutral  aalt  complex  is  precipltated^^^. 
an  aqueous  solution  of  potassium  platinum  (11)  nitrite  is  trefl^w^v 
with  aqueous  ammonia. 

The  atartiug  K3pt(NOa)*  ^ 

is  allowed  to  react  with  an  exoeas  of  alltail  nitrite » BvolTij#  M ^ 
oxide. 


/JSS 

jt-'B 


K^tO, 

4BCJ} 


SNaNOi 

<l4ja 


)S90 
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Om  PSTt  tar  wai«ta  of  KaPtCla  is  suspemiedln  water  and  treated 
withTcSceStrat^solutiori  of  10  parts  by  weight  of  NaNO„  The 
uixtura  is  then  belted  with  stirring*  The  yellow  KaPtCl^  first 
fHssolves  tivlwt  a dark  solution,  and  then  nitric  oxide  is  liberated 
« fine  buWJles  while  the  solution  clears  to  a pale  greenish  yellow. 
When  no  ftirther  gas  evolves  the  solution  is  cooled  and,  if  neceasaxy, 
the  nrectaltated  impurities  are  filtered  off. 

The  KflPt{NOa)*  solution  can  also  be  prepared,  in  a smooth 

reaction,  from  K^PtCli ; 


K,l'tC}4  “ 
415.1 


4f4aNO,  = X=Pt(NO,),  ^ 'INsCl 

27fl,0  45Y.3  E1J3..S 


To  produce  the  desired  complex  [Pt(NOa)B(NHs)a ],  the  cold* 
filtered  solutioQ  of  KaPt(NOaU  is  reacted  with  a stoichiometric 
quaiitity  of  20%  aqueous  ammonia: 

WNO,),  - 2NK,  - [Pt(NOs)-(NH,M  2 KNO. 

A51A  34-1  321-^  170.2 


After  a short  time  the  complex  precipitates  as  a dense  whitish 
mass  of  fine*  aeedlelike  crystals-  After  filtration  and  washing  with 
cold  water.  It  can  be  recry&talllaed  from  hot  water;  the  product 
consists  of  pale-yellow  needles- 

Formula  weight  321*17.  Pale^yeilow  needlellke  crystals.  E>e- 
compose  explosively  at  200* C.  Sparingly  soluble  in  water;  readily 
soluble  in  aqueous  ammonia*  forming  fPtNO^(NH3)a]NOa*  which  can 
be  used  tc  prepare  a good  platinum  electroplating  bath* 

HEFEaENCEL 

W*  Keitel  and  H.  E.  ZscMegner.  U*S*  Patent  1,779*436- 


fure  Palladium 
Pd 

A palladium  i&  obtained  by  treating 

* s^lOQ rfpdCla  or  Na^PdCZ*  with  Nff* Clta  order  to  prec^ltate 
j Slight  Pt  impurity  which  may  be  present.  The 
^ omRa,  filtered  again  if  necessary, 

IPacl^TO^w  * yellow  precipitate  of  very  pure 

l-rok,ia(NHa}g}  should  fiarm.  Ifthesalthasadull,  dirty  yellow  color. 
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it  (contains  small  quantity  of  {HhCl(NH^)B]Cl^  wblcb  tOMflillrit^ 
in  cold  ammonia.  The  salt  la  therefore  dlgeetod  with  cold  : 

ammonia;  completely  pure  palUdodlammlBecMoride[WCIi(JKg*)^J 
ie  obtained  from  the  filtrate  by  a eecoikd  preciplteUou  with  iQ^dr^ 
chloric  acid;  it  is  a bright-yellow  crystalline  salt.  This  1b  vedwed 
by  Ignition  in  a stream  of  H,  to  light  gray  palladium  sponge,  . 

FitOPEHriES: 

M-p*  1554*C;  d 11*97*  Absorbs  large  quantities  of  many  gasee^ 
especially 

aeFEBEWCEj 

Th,  Wllm,  Ber,  dtsch*  chem-  Ges*  241  (lS82)t 


Colloidof  Patlodium 

A soliitlon  of  Z g.  of  sodium  protalbiaate  (the  sodium  salt  of 
protalbinic  or  lysalbluio  add)  lu  50  ml,  of  water  la  prepared; 
aqueous  NaOH  is  added  In  slight  excsss^  followed  by  a solutton  of 
1*6  g of  PdCla  (equivalent  to  1 g-  of  Pd)  in  35  ml,  of  Then 
NaK*  ■ H3O  is  added  dropwlse  to  the  te  suiting  clear  red-brown 
liquid^  producing  immediate  reduction  (foaming )«  After  Standing 
for  three  hours^  the  black  solution  is  dialyaed  against  water  to 
remove  the  excess  NaOH,  NaR4  ' HgO  and  NaCl;  this  Is  continued 
until  the  dialyaing  water  no  longer  gives  a reaction  for  NgK4  ^ 
and  NaCl.  The  purified  solution  Is  concentrated  at  60-70*0  and 
dried  In  vacuum  over  H^04*  The  product  consists  of  shiny  black 
platelets,  wMch  dissolve  In  water  leaving  no  residue, 

PROPEflTTES; 

stable  when  dry.  Its  solution  appears  opaque  and  biaok  in  fnoJdent 
light;  thin  layers  are  clear  black-brown  with  a greeniah  tinge  ih 
transmitted  light.  One  volume  of  the  product  (about  50%  Pd)  coh- 
taioed  in  this  colloidal  solution  can  absorb  approximately  3000 
volumes  of  Hg* 

ftEFEREKCES] 

C,  Paal  and  C*  Amberger*  Ber-  dtsch-  chem.  Ges.  ^1  124  (HO^ 
P-  Stecher  et  al-  Merck  Index,  7th  ed-,  p*  623  under 
binlc  acid-” 


Patladiuni  Blcck 


The  BSttger  method  for  preparing  palladium 
reducing  an  aqueous  solution  of  a Pd  (li)  salt^^tb  sodiufii 


H,  L*  (SRU&E 


I5»> 

The  reection  occurs  slowly  at  room  temperature  and  is  instentaneous 
at  50‘C. 


PROfrtCTSS; 

AMordlnE  to  c.  paal,  an  aqueous  suspension  o£  palladium  black 
absorbs  12, ODD  times  Its  volume  of  H3I  the  dry  material  absorbs 
only  870  times  its  volume. 


REFEPENCE: 

TAhrPfiber  d phvs*  Verelnfl  Frankfurt  a*M,  [Annual  Report  of  the 
IZ.  Physics  Socmh  1872-73,  p.  11. 


paliadized  Asbestos 

Palladlaed  asbestos  is  prepared  in  exactly  the  same  way  as 
platinized  asbestos  (see  p,  1563), 


Pollodium  jll]  Clofide 
FdCl, 

The  anhydrous  salt  is  prepared  by  beating  loose  palladimn 
sponge  (contained  in  a poroelajja  boat  set  in  a glass  tube)  to  a didl 
red  heat  in  a stream  of  Cl^  According  to  Krus tins ons,  the  de- 
composition pressure  of  PdClg  reaches  I atm,  at  738*C- 

By  dissolving  finely  divided  Pd  in  cone,  HCl  through  which  CI3 
is  taubbledi  one  obtains  a solution  in  which  bothHaPdCl*  and 
H^PdClg  can  be  detected^  Concentrating  the  solution  also  yields  a 
residue  of  PdCl^, 


PdCi^  Sotufioft  for  the  Detection  of  CO 

Winkler  gives  the  following  method  for  preparing  this  solution* 
Pure  Pd  (0,2  g*)  is  dissolved  with  gentle  heating  in  about  10  ml*  of 
aqua  regia.  The  solution  is  evaporated  to  diynes&  in  a 50 ■■ml* 
porcelaia  dish  placed  on  a steam  bath.  The  residue  ia  dissolved 
hydrochloric  acid  and  the  solution  is  again  evapo- 
rated  to  dryness;  this  last  procedure  is  repeated  three  times-  The 
^ Jfesiduc,  which  ia  how  completely  nitrate-free*  is  mljsied 
it/'i  dissolved  (gentle  heating)  in  10  mL  of  1 N 

' After  dilution  to  about  150  ml,  with  water,  a few  particles  of 
alcohol  are  added  to  the  solution,  which 
Hiea  noiied  for  about  lO  minutes  in  an  Erlenmeyer  flask  in  order 
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to  reduce  any  Pd  (IV)  not  decomposed  during  the  drying  to  W (11) 
and  to  drive  off  the  excess  alcohol.  After  cooling*  2,S  & of 
CHsCOONa  * 3 HaO  Is  dissolved  In  the  liquid*  The  fldluUoa  i® 
filtered  through  a small  wad  of  cotton  wool  and  diluted  to  200  ml* 
with  the  water  used  for  washing  the  cotton  wool.  The  cleu, 
reddish*brown  liquid*  which  contains  0*1%  palladium,  is  ethtale 
when  stored  in  a flask  provided  with  a ground-glass  To 

be  on  the  safe  side,  it  is  best  to  filter  the  solution  before  It 
should  be  stored  In  the  dark* 

REFEiteNCES; 

J*  Krustinsons,  2-  Elektroohem.  44*  537  (1938);  L,  WhdderH,  Z* 
anal.  Cbem,  K)Q.  321  (1935);  18  (1934);  also  desGrlbOs 

analytical  methods  for  detecting  CO  with  PdClg  solutions^ 
Explicit  directions  for  the  preparation  of  palladium  cata^ts 
using  PdCla  are  given  by  H*  Mozingo  In  Organic  Syntheses* 
collective  voh  IH*  p.  685  (Wiley,  New  York*  1956)* 


PoUodium  |U)  Oxide 
PdO 

A reasonably  pure  PdO,  particularly  suitable  for  catalytic  pur- 
poses * can  be  prepared  by  decomposition  of  palladium  nitrate* 
Sodium  nitrate  (5Q  g,)  and  a solution  of  PdClg  containing  2 g^  of 
Pd  are  mixed  and  evaporated  to  dryness*  The  dry  mixture  is  then 
heated  (it  fuses  in  the  process),  first  for  some  time  at  270-280*0* 
then  at  350-370 *C*  until  evolution  of  nitric  oxides  ceases;  finally » 
It  is  heated  to  575-600 for  a short  time*  The  melt  is  extracted 
with  200  ml.  of  water,  leaving  behind  the  PdO*  This  is  washed  with 
a 1%  NaNOa  solution  and  dried  in  vacuumover  H^O*-  Theproduct 
still  contains  about  1*6%  HgO  and  2*5%  alkali  Balts,  The  pure 
material  can  be  obtained  by  ignition  in  Ogj  but  this  osuBee  a 
loss  of  catalytic  activity* 

PEOPEBTCES: 

Black  powder;  tetragonal  crystals*  Stable  in  air  to  aboni^ 
700®C,  In  Og  to  about  8&0*C*  liiBOlubie  In  aqua  regia;  jsoh^e  in 
cone.  HBr,  d 8*7,  ^ 


AEFERSlTCES; 


Gmelin,  Handb.  d,  anorg*  Chem-  [Gmeiln'a  Handbook  cf 
ChemiBtryl,  8th  edL,  Syatem  No,  65,  BerJto.  1^1 
Shrincr  and  H*  Adams.  J*  Amer*  Chem*  Soc.  4g,  1685  (xsw^f- 


IS*4 
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TBtrochloropaMocJatos  {)!) 

KtPaCl,  Na.PdCl„  {NHi).PdCl4 

PdCJ.  + SKCU^^iaCl,  2NHiCl)  - K-PdCI,  [>JaiPdCl4,  (NHi)iPdCti] 
177-5  W9.1  Ul#8 

These  three  salts  are  obtained  as  well-formed  crystals  by 
treating  PdCla  solutions  with  stoichiometric  quantities  of  the 
respective  alkali  chlorides  and  slowly  evaporating  the  solutions. 


SY>I0'NYM5: 

PotsgslnjUj  sodium  and  ammcnlum  palladochlorides. 


PSOPESnES: 

KaPdCl*:  Crystallizes  tn  dark  yellow  or  brownish  prisms. 
Readily  soluble  in  hot  water,  soluble  with  difficulty  in  cold  water. 
Precipitated  in  golden  yellow  lamellae  by  addition  of  alcohol  to  a 
hot  aqueous  solution. 

NaaPdcli:  Brown,  deliquescent;  also  soluble  in  alcohol. 
(WHi)aPdCl4i  Crystallines  in  long  olive-coiored  prisms;  Q&n. 
be  recry  stellited  from  water. 


HexdchlorQpalld<iQtes  (IV} 

KiPdCU,  (NH,)*PdCl. 

A solution  of  PdCla  with  an  excess  of  KCl  {KH^Cl)  is  prepared, 
from  which  bright  red  K^PdCU  KNH^JgPdCle]  is  precipitated  on 
introduction  of  chlorine.  This  Is  rapidly  suction-filter fedt  washed 
quickly  with  KCl  (NH+Cl)- contain inig  water,  and  rinsed  with  alcohol. 


SYNOEmaS: 


Potassium  and  aimnonluiii  paiiadium  (IV)  chlorides, 


PftOPERTffiSj 

IcA  difficulty  In  water,  evea  less 

Cl  and  NH*Ci  aclutlons,  Cjrystal  atrueture;  K^PtCl% 


I ii.  \ 
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Diarnminopolladium  {\\\  Solti 

lPdCU(NH,).l,  [PdBr,(NH,)J 

If  3.  slight  excess  of  aimaoiaa  in  added  to  a fairly  dllutOr  OOlA 
solution  of  PdCl^i  a red  precipitate  known  as  Vauquelln*&  sail 4$^ 
formed.  After  drying,  this  becomes  a crystalline,  neeh-colored 
to  dark- red  powder*  corresponding  to  the  lortn^  {FdfNH^lal^ 
[PdCUI  (analogous  to  Magnus's  green  platinum  aatt)*  On  boUlnf 
in  water,  most  of  It  dissolves i the  solution  prec^itates  small 
yellow  octahedral  crystals  on  cooling;  this  lstrans-JPdCla(NHs)^H. 
Larger  quantities  can  be  easily  prepared  via  methods  deBoribed-in 
the  section  on  the  preparation  of  pure  palladium  (p,  1580)* 

A PdBra  solution  behaves  in  an  exactly  parallel  manner  Mpoo 
addition  of  ammonia:  a red*  crystalline  precipitate  of  [Pd(NH3)*)* 
[PdBr4]  is  obtained  from  the  mixture.  This  undergoes  the  same 
transformation  as  the  chloride  to  give  yellow  octahedral  crystals 
of  [PdBr^fNHa)^!- 


Pure  Rhodiym 


Bh 

I-  Reasonably  pure  sodium  or  potassium  hexachiororhodate  (see 
p.  1588  for  preparation)  is  the  starting  material*  The  salt  Is  dis^ 
solved  in  water;  the  solution  is  boUsd  with  an  excess  of  ammonia  and 
concentrated*  This  gives  the  so  called purpureos alt [RhCl(NHij) 5] Clg 
as  a straw-colored  powder,  which  must  be  purified.  The  salt  te 
first  digested  for  a long  time  In  hot  50%  hydrochloric  aoLd«  is  then 
suction  filtered  (removing  as  much  water  as  poaaiblo)  and  dr  ted. 
The  lumps  are  carefully  broken  up  with  a broad  ^ass  spatula  ar4 
transferred  to  a container  of  cold,  concentrated  HaSO^  (sadfef 
HgS04  ratio  - 1;  1*5)-  Too  large  an  excess  of  HaSOi  should  bd 
avoided*  and  the  mixture  should  be  warmed  very  carefuBy*  since 
otherwise  an  Insoluble  sulfate  will  result*  Upon  addition  of  tte 
powder,  small  lumps,  not  wetted  fcy  the  H^SO*,  are  easily  lorm^^ 
these  must  be  broken  with  the  glass  spatula.  The  powder- Bitot 
be  added  In  small  porUons  with  continuous  atlrring!  «» - 
escapes  In  bubbles,  so  that  the  mass  foams.  It  Is  dlgesteftmt^g 
becomes  a honeylike,  viscous,  lump-free  yellowish  p»te* 
water  Is  added  and  the  mass  Is  filtered;  the  filtrate  is  aJloweSJS 
run  into  concentrated  HCl  so  that  the  resulting  solution  la  *1^®^ 
mately  50%  in  hydrochloric  acid.  The  purified  pu^ure^s^W 
cipitates  as  a dense,  yellowlsh-whlte  residiifi.  » to 
with  suction,  washed,  dried,  gtoani  with  a glass  spatula,  an^  aidSSU  , 


ts«« 
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for  hours  with  five  times  Its  quwitlty  of  concentrftted  HNOa, 
STer  which  the  solution  is  mixed  with  an  equal  volume  of  water, 
nurate  Is  allowed  to  crystallize  overnight;  It  13  then  filtered 
washed  and  recrystallised  once  from  water.  It  is  then  redls- 
to  watw.  the  solution  to  filtered,  and  the  filtrate  Is  again 
SloI«J  to  rm  into  hydrochloric  acid.  The  sail  to  washed  with 
Itoulds  whose  compositions  approximate  those  of  the  respective 
mother  liquors.  Since  the  salt  is  only  slightly  soluble  in  cold  HsO, 
it  is  given  a final  rapid  wash  with  cold  HaO,  preferably  on  a filter 
connected  to  a vacuum  pump.  The  purpureochlorlde  obtained  to 
this  way  is  placed  in  a covered  quartz  crucible  set  inside  a 
graphite  crucible  and  ignited  carefully  in  a gas-heated  or  muffle 
furnace. 


IL  According  to  Wichers  and  Gilchrist,  pure  rhodium  can  be  pre- 
pared  as  fallows.  The  finely  divided,  impure  metallic  raw  material 
is  mixed  intimately  with  1.5  times  its  weight  of  NaCl  and  heated 
at  600 *C  in  a stream  of  CU  for  2-4  hours.  It  is  then  cooled  in  the 
stream  of  Cla,  and  the  fused  mass  is  dissolved  in  H3O.  The  in- 
soluble residue  is  again  treated  with  chlorine  until  all  of  the 
rhodium  becomes  soluble.  The  solution  is  then  diluted  to  a con- 
centration of  40  g,  of  Rh/liter  and  filtered.  The  filtrate  is  heated 
on  a steam  bath  and  NaNOs  is  added  until  the  color  changes  from 
red  to  yellow;  this  requires  about  500-550  g,  of  >iaNOs  per  100  gp 
of  Rh*  Finally  the  solution  is  boiled  for  an  hour*  The  platinum 
metals  and  some  of  the  base  metals  are  converted  into  soluble 
double  nitrites,  while  other  base  metals  are  precipitated  as  hy- 
droxides or  basic  salts.  The  mixture  is  filtered-  the  cold  solution 


Is  treated  with  Na^s  and  allowed  to  stand  overnight  (5-10  g-  of 
Na^S  is  sufficient  for  a solution  containing  several  hundred  g,  of 
Eh),  The  odor  of  HgS  indicates  the  end  of  the  reaction^  which 
preclpftatea  Pb  and  small  quantities  of  Pd,  Pt  and  Ir*  The  filtrate 
is  boUed  to  decompose  the  excess  Na^S*  The  purified  solution  l3 
again  treated  with  30-50  g.  of  NatfOg  per  100  g,  of  Rh  (to  convert 
the  rhodium  completely  to  the  double  nitrite)*  The  cooled  solution 
is  treated  with  a saturated  solution  of  which  precipitates 

^ sparingly  soluble  3[Rh(N03>e],  which  is  white  whenpure- 
Ti^  pr^uct  Is  allowed  to  react  with  hydrochloric  acid*.  The  re- 
^Iting  hydrochloric  acid  solution  of  rhodium  chloride  Is  treated 
h NaNOg  (after  evaporating  the  excess  of  the  acid)  and  treated 
^ described  above,  except  that  smaller  additions  of  NaaS 
1 * ^ successive  purlficationa.  Finally,  the  concen* 

solution  of  rhodium  chloride  fn  hydrochloric  acid  is  coit^ 
™ ^ * K^O  by  addition  of  a small  excess  of 

ta  ^ treated  with  95%  alcohol.  The  precipitate 

washed  with  alcohol.  The  (NH^aRhCU  * H^O  may 
be  redlasolved  m water  and  reprecipitated  with  alcohoh 
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The  * H^O  is  ignited  to  rhodium  sponge  ftndMeit^ 

reduced  with  hydrogen* 

pftOPEKTUSS- 


M,p,  1970  ®C,  Harder  and  more  difficult  to  work  than  Ft*  The 
eoUd  metal  and  the  fine  rhodium hlack powder obtakied  by  reductioit 
from  salt  solutions  differ  in  their  solubility  in  adds*  The  solid 
metal  is  insoluble  in  all  acids  and  mixtures  of  actds^  aitd  Is  not 
attacked  by  molten  NaOH  even  If  KNO3  is  added  at  dull  red  heat. 
If  Eh  Is  fused  with  KHSO4,  It  slowly  forms  the  water-soluble 
potassium  rhodium  sulfate ^ which  imparts  a dark-red  color  to  the 
melt;  at  high  Rh  concentrations » the  melt  becomes  black* 

HEFEaSNCE: 

E*  Wichers  and  R,  Gilchrist,  Trans,  Amer*  Inst*  Mining  Metallurgy 
Eng,  I£.  619  (1928), 


Rhodium  (lil)  CKlorida 

Hhd, 

The  anhydrous  chloride  Is  prepared  hy  heating  the  metal  In  a 
stream  of  Ci^  at  about  Above  80Q*Gf  It  redecomposes  to 

the  metal  and  chlorine*  This  chloride  is  red  and  Insoluble  in  water 
and  acids* 

However,  the  hydrated  rhodium  (HI)  oxide  mentioned  on  page 
1588  dissolves  readily  in  hydrochloric  acid,  giving  a yellow  solution. 
On  evaporation  of  this  solution,  a residue  of  the  hydrated  chloride 
RhCls  * XH3O  (X  = 3-4)  is  left  as  a red  deliquescent  mass,  which  Is 
called  "water-soluble  rhodium  chloride*'  to  distinguish  It  from  the 
first  product.  Heating  above  20G*C  converts  this  product  to  the 
water  “insoluble  EhCla* 


HexachlororhpdatOA  (111) 

Sodium  hexachlororhodote  (111)^  NH*RhCU‘iaHiO 

First  RhCla  is  prepared  hy  passing  CIb  over  very  ftne  rhodluth 
powder  at  about  400  “C*  One  part  by  weight  of  the  product  HhOU  ts 
carefully  mixed  with  2-3  parts  by  wel^t  oi  NaCl  and  hea^  to 
about  300*C  in  a stream  of  CI3*  The  aqueous  solution 
chlorination  product  is  fdtered;  after  concentrati'Onp  Na^RnC  s * 

12  H^O  orystalUsea  out  as  deep-red*  monociinlcprismatiocry^tel®^ 


»5M 
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^oHitviuni  h.xactiJortfhodot*  (IMJ,  K,Rha.  H^O,  K.[RbCI.(H.O)] 

A soluUon  of  the  potRSsium  salt  Is  prepared  in  exactly  the  same 
wav  as  that  of  the  sodium  salt.  On  concentration,  the  first  crystal- 
liaatlon  yields  KafRhClB(H,0)].  This  salt  Is  dissolved  in  an  almost 
saturated  aqueous  KCl  solution  and  the  solution  concentrated;  the 
hexachiororhodate  KaHhCla  ■ HaO  crystallizes  out  on  cooting.  Both 
of  the  above  compounds  form  dark-red  crystals. 

Ammonium  haxociilorefhodafo  [til), 

(NH,h»hCI.  H.O,  (NH*),[Rha(H,0)I 

Concentration  of  a platinum'-rhodium  solution  which  has  been 
freed  o£  platinum  by  the  addition  of  NbUCl  yields  crystals  of  the 
red  (NlU)alUiCla  ■ HaO,  Green  crystals  occasionally  obtained  are 
<NH4)aPtCU  containing  Hh  as  an  Impurity, 

A better  method  starts  with  soluble  rhodium  chloride  (see  page 
1587),  which  is  evaporated  together  with  an  excess  of  aqueous 
NH4C1, 

If  the  (NHJaRhCle  *HaO  is  taken  up  in  water  and  heated  to  a high 
temperature,  the  much  less  soluble  (NH4)a(BhCle(HaO))  crystal- 
lizes out  on  cooling, 

SEFEltENC£: 

M.  Delepine.  Bull,  Soc.  Chlm,  Belgique  114  (1927). 


Rhodium  [lllj  Oxide 
RhiOi 

L Very  pure  RhsOg  Is  obtained  by  heating  RhClg  to  750-800 *C  in 
a stream  of  Og  until  Clg  is  no  longer  given  off. 

IL  The  highly  hydrated  compound  HhaOg  * 6 HgO  is  obtained  when 
concentrated  KOH  is  added  slowly  to  solutions  of  rhodium  salts. 
A l^on-yellow  compound  precipitates:  after  washing  and  drying, 
“ pale-yellow  powder.  This  material  is  not  completely 
-tree  a™  is  insoluble  in  water;  howevierp  It  dissolves  readily' 

m aam  and  on  ignition  reverts  to  nonhydrated  RhaOa , which  Is 
insolufaie  in  ^ ^ ^ 


erKONYK; 


RhalOa  * 5 HgO:  ftbodium  hydroxide. 
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L Gnelin^  Ha-ndb.  d«  anorg*  Chem*  [Gmelln’s  Haudboolc  of  Znor-* 
game  Chfimi3try),  8th  ed>.  Rhodium,  p,  46;  L,  TVShlw  aibd  W-, 
Muller*  Z.  anorg.  allg,  Ch^m,  US,  XH2  (1925)* 

II-  F*  Krauss  and  H*  Umbach.  Z-  anorg.  aUgt  CheiEL»  IBO^  47 
(1929);  G.  Grutae  and  G*  Bau'-Tschang  Gu,  Z*  Elektrocbemp  43^ 
398  (1937)* 


Rhodium  Sulfate 


Rhi(SO*)i-tH-0 


According  to  Krauss  and  Umtaach,  attempts  to  prepare  rhodium 
aulfate  from  rhodium  hydroxide  and  sulfuric  acid  Lead  to  two  dif- 
ferent products,  depending  on  the  conditions i these  are  yellow 
rhodium  sulfate  Rha(SQ*)3  * 15  H^O  and  red  rhodium  sulfate 
4R3O. 

Hhi{SOi)rl5H.O 

The  yellow  sulfate  Is  produced  on  solution  of  molat  hydrated 
rhodium  (HI)  oxide  (rhodium  hydroxide)  In  dilute  (1:10)  Bulfurlc 
acid  at  temperatures  not  exceeding  50* C*  Then  the  hydrated 
Rh  (in)  oxide  Is  precipitated  from  the  cold  solution  with  KOH 
(avoiding  an  excess  of  the  latter}  and  washed  on  a membrane  fUtep 
until  the  colloidal  hydroxide  passes  through,  Suction  is  then  applied 
and  as  much  water  as  possible  Is  removed;  the  residue  is  dissolved 
without  heating  in  dilute  sulfuric  acid* 

The  solid  salt  is  obtained  by  evaporating  this  solution  In  vacuum^ 
dissolving  the  residue  in  absolute  alcohol , and  precipitating  with 
lO-ao  times  its  volume  of  ether;  this  gives  a pale-yellowi  fine, 
flocGulent  residue*  After  filtration,  washing  and  drying,  thlfl  be^ 
comes  a light,  yel  Jo  wish- white  powder-  The  yield  Is  always  peOTi 
at  moat  20%* 


Rhi(SO^U4U^  * 

■:  Jifc> 

Red,  amorphous  rhodiwn  sulfate  ts  obtained  either  by  eTaporatiog 
a aolutfon  of  the  isomeric  yellow  salt  or  fcy  precipltatli^  lo^rated 
Rh  (an  oxide  from  a RhCU  solution  at  the  bollii^  point, 
the  precipitate  with  hot  water,  dissolving  It  In  hot  d^ute 
acid,  and  evaporating  the  mixture-  To  remove  the  excess 
the  product  Is  dissolved  in  and  3a(0H)^  Is  added  uhUl  tSCW 
hydroxide  begins  to  precipitate*  The  solution  is  tiitexed  and 
fevaporatedn 


is»o 
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Thb  two  sulfates  undergo  quite  different  precipitation  reactions. 
Barium  chloride  precipitates  the  SO%^  almost  quantitatively  from 
solutions  of  the  yellow  salt  prepared  in  the  cold*  These  are  acidic 
and  KOH  precipitates  the  rhodium  from  such  solutions.  On  the 
h&nd;  the  red  salt  solutions  prepared  under  the  same  con- 
ditions either  fail  to  give  these  reactions,  or  react  only  gradually, 
hut  in  any  case,  not  quantitatively*  We  must  therefore  conclude  that 
in  this  last  case  we  are  dealing  with  a complex  in  which  the  bonds 
are  stronger  than  in  the  yellow  salt- 

heferen'ce: 

and  H*  Umbach*  Z^  anorg-  Chem*  ^1929)^ 


Chloropentaamrntno rhod ium  Salts 
[RhC*(NH,)iIClt,  [RbCl(NH3)5] (NO.). 

The  preparation  of  the  chloride  and  nitrate  of  these  compounds, 
which  are  also  known  as  purpureo  salts,  is  given  in  the  section  on 
the  preparation  of  pure  rhodium  (p*  1585  ff-)- 


Pure  Iridium 
If 

Chemically  pure  iridium  is  best  prepared  by  Ignition  of 
(NH4)alrCIa^  To  obtain  especially  pure  material,  the  metal  should 
be  reconverted  to  (NH+)3lrCle  (see  p*  15&4),  which  Is  then  re- 
ignited* 

PROrEHTteS] 

Very  hard,  fairly  brittle  metal;  m,p.  2454  ^C*  On  ignition  in  air, 
forms  email  quantities  of  a volatile  unstable  oxide,  IrOa;  thus, 
under  conditions  of  oxidizing  ignition  the  weight  of  Pt-Ir  alloys 
does  not  remain  constant.  Extraordinarily  resistant  to  acids; 
^oluble  even  in  aqua  regia-  Attacked  with  comparative  esse  by 
CI3,  i^Ucularly  in  the  presence  of  WaCl,  with  which  the  nascent 
Chloride  forms  a double  salt. 


IfidJum  (JV)  Ojtlde 
ItOi 


Wohler  and  Strelcher,  IrO^  is  prepared  from 

^ readily  oxidized  In  a stream  of  0^  at 
w C,  giving  blue-Mack  irOs- 
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Th«  oxidation  of  fine  iridium  powder  in  a stream  of  efr  or 
oxygen  does  not  give  IrO,  quantitatively. 

PflOPEHTIESi 

Black  toblue-blaokpowder,  insoluble  In  acids.  Crystal  struotote; 
rutile  type. 

refehemce- 

L*  Wohler  and  S,  Streicher.  Ber*  dtsoh.  chem*  Ges,  46*  1721 
{1913).  — 


Hydrated  Iridium  (IV)  Oxide 
IrO^-2HtO 

h An  aqueous  solution  of  JrCl*  ot  HsIrClat  prepared  by  the  old 
method  of  Vauquelln  (see  method  I,  p*  1593)^  is  evapo- 

rated several  times  to  a sirupy  conjaisteuey  hi  a vacuum  at  40*C> 
After  each  evaporation,  the  sin^  Is  redlssolved  in  water;  this 
treatment  completely  removes  the  e^ccess  of  HCL  The  final  con- 
centrate Is  again  diluted,  and  dilute  aqueous  KOH  Is  added  la 
drops  to  the  boiling  solution  until  the  color  cbangea  &om  dark 
red-brown  to  green  and  then  to  blue.  The  solution  le  then  held  at 
the  b*p.  for  some  time  to  oxidise  any  Ir  (HI)  which  may  be  present 
and  to  complete  the  precipitation  of  the  hydrated  Ir  (IV)  oxide*  The 
residue  of  deep-blue  coarse  floe  is  filtered  off,  washed  with  water, 
then  with  absolute  alcohol,  and  dried  in  a vacuum  desiccator., 

II*  Gerlach’s  method  consists  in  adding  the  KOH  solution  in  drops 
to  a boiling  solution  of  NaalrCU*  to  give  the  alkali-free  hydrated 
oxide.  The  use  of  excess  hydroxide  leads  to  a product  which  con-^ 
tains  alkali-  Purification  Is  the  same  as  in  method  I* 


PROPERTIESj 


Very  dark-blue  powdor*  The  hydrated  oxide  prepared  by  method 
I may  be  converted  to  IrOa  at  3S0*C  in  a streamof  Ns*  ■: 

precipitated  IrOg  • 2 HaO  is  soluble  In  acids,  ~ ^ 

HBFEHENCES:  ' ■■ 


L F*  KraussandH*Gerlach.  ZAanotg,ailg.Chem* 

n,  H.Gerlacb.  Thesis.  Tech.  Hoebsobule,  ^Eiuns^^,  a9J^^^^ 
4p  42;  W.  K*  Pschenteyn  and  S*  E,  KraseiteWi  al»tcae^Sh 
Zentr.  1933.1,3911. 


H.  SRUB£ 


Hydrated  Iridiunj  (JM)  Oxide 


A solution  Of  NnsIrCU  is  pTopared  either  in  the  same  way  &a  in 
method  n for  KsItCU  * 3 HaO  (see  p*  1594) or. better,  as  suggested 
^ a solution  of  NaalrCla  and  sodium  oxalate  at  50*C 


l)y  OgawA}  from 
According  to  tbft  equation 


NaiCiOi  ^ 2NaJIrCl,l  t-  2COi 


In  either  case  the  solution  is  treated  with  potassium  hydroxide 
or  potassium  carbonate  solution  In  a stream  of  CO  a-  The  sepa- 
ration, washing  and  drying  of  the  hydrated  oxide  must  be  carried  out 
an  Inert  gas  (COs  or  Ns)-  The  allcali  cannot  be  completely 
remoTOd  from  the  product, 

PKOPEBTIESj 

Pale -green  to  dark  powder,  depending  on  the  precipitation  con- 
ditions and  water  content;  oxidized  in  air  to  the  hydrated  tr  (iv) 
oxide*  particularly  whan  damp.  The  Ir  (III)  compounds  are  more 
stable  in  acid  solutions  than  the  Ir  (IV)  salts;  the  reverse  is  true 
In  alkaline  solutions, 

H£FeHENCES] 

L,  Wohler  and  W.  WitKmann,  Z,anorg,Chem,^*  334  (X90e);  Prep- 
aration Of  Na^lrCU  solution;  E,  Ogawa.  J*  Chem*  Soc-  Japan 
JO,  246  (1929), 


Iricjium  j)M]  Chloride 


IrCh 

Ir  + I'/rCI,  = IrCl, 

i&a.2  ioa,4  ass.s 

Fine  iridium  powder  is  placed  In  a porcelain  boat  set  in  an 
^n-e^  glass  ootnbustion  tube.  The  gas  Inlet  side  of  the  tube  Is 
awn  to  a small^dlameter  tubing,  while  the  other  end  carries  a 
^ An  O^-free  stream  of  oblorine*  containing  a 

^ pa&sed  through  the  tube,  which  is 
C with  a burner  and  illuminate  either  with 


burner  and  illuminated  either  with 


from  a burning  magnesium  ribbon*  The 
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II.  AlteTnfttlT^lyp  IrO^  * 2.  H^O  is  bea.t€d  io  £40*C  In  a fttrflrtiaMtt ' 
CI3  and  lllmntDated  with  sunlight  or  a burnlog  magmeaiu&i  f^felMUte 

llL  Finally,  (WHi  j^ZrCl^  may  discompoasd  In  a Btream  of  Cla4l' 
440-&&0  C;  the  conirBrsion  of  0,6  g*  roQiulros  two  hours,  ■ -Ji- 

PHOPEflTlES; 

1 '1  ■■  f- 

Dark  olive^green  powder.  Stable  up  to  760*C  Under  a Cla  pres-^, 
sure  of  1 atm.  (Streicher);  at  TOO'C  the  color  to  bright 

j^ellow. 

REFERENCES:  • 

F,  Krauss  and  H,  Gerlach.  z.  aoorg.  allg,  Chem.  1^.  &6G  (X9^ 
L.  Wi5hler  and  S.  Streicher.  Ber.  dtsch.  chem.  Gee.  1750jjs 
1582  (1813^;  S.  Streicher.  Thesis.  Uaiv.  of  Darmstadt,  1913, 


Hexochlorotridic  [IV]  Acid 
H,IrC3t 


1.  A solution  of  (NK.  > ^Ir CU  ts  decomposed  bubbliiig  C>a  thiauA 
It  at  about  4*C;  then  the  liquid  is  concentrated  at  40*C  (12-15  nix^ 
until  a dark-brown  slrupy  mass  results.  This  is  allowed  to  stand 
for  some  time  in  an  evacuated  desiccator  contalalngr  GaO  (matU  It 
congeals  and  crystallizes}.  The  low  temperatures  mentioned  mus$ 
be  maintained  to  avoid  the  formation  of  NCIg. 


n.  A solution  of  {NH,),IrCIe  is  heated  with  aqua  regia  on  a wetW 
bath  (approximately  10  hours)  until  the  NHj  is  completely  split 
the  solution  is  repeatedly  concentrated  with  cono.  KCl  ^ 

HMO3  is  completely  removed.  ■ 

' • ■-rt/d'.':' 

REFERENCES:  ' : »'.'r  ' ' 


1.  Vauquelin.  Liebigs  Ann.  IS,  150,  225  (1846) i A.  Gut]^^aBd 
F.  Lindner,  Z.  phys.  Chem.  €9,  304  (1909).  " 'i 

n.  S.  C.  Woo  and  D.  M.  Yost.  J,  Amer.  Chem.  Sob.  S3,  88*X193JJ.:-^^ 


Potossiwm  Hexacbloroiridote  [IV)  ^ 

KilrCU 

L A mixture  of  fine  Iridium  powder  and  twice  Ite  weighty 
heated  in  a porcelain  boat  alhapst  to 
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isa* 

Jt,  AfteJ  cooUng,  the  excess  KCi  Is  extracted 
Wuw  with  the  least  possible  quantity  of  cold  water.  Then  the 
douhte  salt  Is  dissolved  in  boiling  water  and  filtered  free  of  mi, 
ooaverted  ir.  The  solution  la  slowly  evaporated  In  a porcelain 
The  KilrCld  crirataJlises  as  small,  shlnyi  red-black  octa- 

JS?a7vSlo?7Sd^  red  powder  on  grlodi^^^ 

m the  above  extraction  with  boiling  water  it  Is  beat  to  add  a feiy 
drops  of  nitric  acid  In  order  to  prevent  the  formation  of  KalrCU 
and  convert  any  Ir  (IH)  present  to  Ir  0V), 

n According  to  Puche,  better  results  are  obtained  by  allowing 
NaaltCU  solution  to  react  with  solid  KCI  while  a stream  of  CI3  is 
bubbled  through  the  mixture.  The  crystalline  deposit  is  filtered  off 
with  suction  and  washed  several  times  with  dilute  alcohol.  It  is 
then  rapidly  washed  with  some  water.  The  product  is  dried  In  a 
drying  oven  at  about  100 

paoPKRTias; 

IXsep  dark-red  octahedra.  Solubility  (20®C)  1.12  g./100  g, 
Insoluble  fii  alcohol,  d 3.5. 

HEFCHENCeS: 

L old  process  of  Berzelius;  G.  Giro.  Ann.  Chim,  4,  210  (1925). 
n.  F-  Puche.  Ihid._9,  270  (1938). 


Aunmonium  Hexochloroiridote  (IV) 

(NH,),IrCl. 

A mixture  of  iridium  metal  powder  plus  twice  its  weight  of  NaCl 
Is  ccmverted  to  Na^trCl^  by  heating  to  400 *C  in  a stream  of  Cla 
(oompare  the  preparation  of  the  analogous  KalrCU);  this  salt  is 
dissolved  in  some  water.  Addition  of  NH*C1  to  this  solution  [or  to 

?iL  . ^ formation  of  (NHtjalrCle; 

Che  latter  Is  only  slightly  soluble. 


SVMOlKtM; 

Ammonium  iridium  (IV)  chloride. 


PROFEKTieS; 


Solubility  (cold)  about  5 g.,  (100 "C)  about 
&/100  mi.  K5O,  d 3.03.  Crystal  atructure:  KgPtcia  type. 


mcAxtrcE; 

A.  Gutbfer.  z.  phya,  Chem.  69,  307  (1909), 
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ms 

Potassium  HexachlDroinctote  (lit) 

L A hydrogen  stream  is  passed  over  gently  heated  (not  over  15(i*C) 
K^IrCU  placed  in  a quartz  or  porcelain  boatj  the  reduction  pro- 
ceeds according  to  the  equation 

3KJtCU  + 3H,  = SKalrCU  + h 6HCS 

II-  A solution  of  K^IrCU  concentration  should  be  aa  high  as 
possible)  in  freshly  prepared  H,S  water  is  heated  until  the  color 
turns  olive-green*  Then  KCl  is  added  and  crystals  of  KalrCU  * 
3 H^O  deposit  out;  these  canbedehydrated^if  need  he.  The  K^IrCIs 
can  be  reduced  with  SOg  in  the  same  manner^  but  the  product  must 
be  neutralized  with  KgCOa- 

Alterriate  method:  deduction  with  oxalate:  see  section  on 

IrgOa  ■ xHsP  tp*  15&2)* 

SYNONYM; 

Potassium  iridium  (lil)  chloride* 


PROPERTIESj 

Dark  olive** green  crystals h Readily  soluble  In  water,  Insoluble 
in  alcohol* 


BEFERENCEl; 

I.  F,  Puche*  Ann-  Chlm*  Sj  273  (1938)* 


Pufe  Ruthenium 


Ba 


GutbieT  and  'Trenkner  give  the 
tton  o£  the  pure  metal.  To  ataitwith.30  g.  of  fine 
la  heated  to  dull  red  heatlor  three  houra  In  a stream  of 
to  volatiliae  Os.  wMcb  is  often  P^aent 
partially  oxidised  Ru  Is  then  reduced  to  a sUem 
mixture  of  the  metal,  the  pureat  - 

<3 : 26 ! 3 by  weight)  is  prepared  and  .fiised  lb  a flat  afiver 


1S96 
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The  green  melt  is  kept  in  the  liqmd  state  for  ^If  an  w.  it 
is  the?  wled.  and  the  reaction  product  is  broken  Into  sma  1 lumps 
«kl  dissolved  in  lukewarm  water.  The  oranBe-yellow  solution  is 
JSurod  iJlto  a large  retort,  the  neck  of  which  is  joined  to  a 2-m.- 
looff  glass  tube  in  such  a way  that  the  neck  of  the  retort  projects 
aTfar  as  possible  Into  the  tube-  That  tube  Is  placed  in  a metal 
trough  of  about  the  same  length  filled  with  an  ice-s  alt  mixture. 
The  other  end  of  the  tube  is  connected  to  a flask  half— filled  with 
30%  KOH  Then  a fast  stream  of  dry  CI3  is  introduced  through  the 
filler  tube  of  the  retort.  So  much  heat  of  reaction  is  evolved 
that  the  RuO*  distills  over  in  a very  short  time.  It  is  in  the  form 
of  go  Idea- yellow  drops  which  solidify  as  a yellowish-red  mass  in 
the  cooled  condenser  tube* 

As  soon  as  the  formation  of  the  tetroxide  subsides,  the  contents 
of  the  retort  are  heated  to  80-90 ‘'C  with  a microburner  while 
continuing  to  Introduce  the  whole  operation  Is  stopped  only 
when  a yellow  vapor  (a  mixture  of  HuO^  and  Cl^)  can  be  seen  In 
the  attached  flask*  Since  only  ruthenium  Is  capable  of  forming 
volatile  compounds  under  these  conditions  (the  osmium  having 
been  removed  previously)^  all  the  other  impurities  remain  in  the 
retorU 

To  convert  the  tetroxlde  to  the  metal,  the  RuO^  is  washed  out 
frojn  the  tube  with  lukewarm  water,  transferred  to  a porcelain 
dish  andf  when  completely  dissolved,  reduced  immediately  with 
pure  alcohol  (if  the  alcohol  is  added  before  solution  is  com- 
plete a violent  explosion  may  occurf)*  The  resulting  inky  liquid 
is  concentrated  on  a water  bath  and  the  residue  reduced  to  ele- 


mental Ru  with  pure 

Aitertinte  method:  A method  which  ie  related  to  the  analytical 
procedure  of  Wichers  el  ah  separates  the  osmium  by  distillation 
of  a nitric  acid  solution  of  the  products  of  the  alkali  fusion  step* 
The  residue  from  this  dist illation  is  made  alkaline  and  ruthenium 
Is  then  distilled  off,  using  Cl^  as  above*  Regarding  the  danger  of 
ejqjloslons,  see  the  properties  of  RuQ** 


PaOPEHTIES: 


■ ^ 1S*43.  Very  hard  and  brittle;  can  be  pulver- 

When  melted,  part  of  the  metal  oxidizes  and  volatilises  as 
u 4,  which  is  stable  at  very  high  temperatures  and  gives  off  ^ 
peculiar  choking  odor>  ^ tr  b 

KEPMENCKS; 


**  c.  Trenkner-  2,  anorg.  Chem.  5±,  167  (1905)  s E. 

uininJ^  ^ Gilchrist  and  W,  H.  Swauger,  Trane-  Amer. 
Hlning  Metallurg.  Eng.  626  (1926). 


TH€  PL^TiKUM  METALS 


I5» 


Ruttienium  (IV)  Hydroxychiorid« 

Bu(OH)CU 

Heating  of  RuQi  with  cone*  HCl  on  n water  batli  ^ves  a dJurK~ 
tjjrown  solution;  according  to  Remy  ajui  Wagner » contain  tba 
Ru  (IV)  chloride.  If  inhibited,  the  reaction  (which  involTca  the 
splitting  off  of  CI3)  can  bo  started  by  addition  of  a tew  drops  of 
alcohol.  The  product  solution  is  evaporated  and  a dark'^ brown 
product  [Rii{OH)Cl3]  is  obtained.  On  the  basis  of  an  early  Incorrect 
assumption,  this  is  often  called  “water-soluble  ruthenium  trl- 
chloride,' ' 

PR0PERT1J;S: 

Dark^brown  salt.  Very  readily  soluble  in  water,  A certain  pro- 
portion is  apparently  always  present  as  RuCls* 

REFERENCES: 

A*  Guttaier  and  C*  Trenkner,  z,  anorg,  Cbem*  ^ 167  (1905)^  H. 
ftemy  and  A.  Lubrs,  Ber,  dtsch-  chem,  Ges*  61f  917  (1928}! 
M.  201  (1929);  H-  Kemy,  Ibid,  gi,  2110  (1928). 


Ruttienium  (ti^j  Chlorrdc 
KuClj^  RuClj'H,0 


RiiClj 


I,  In  the  method  of  Remy  et  aL,  a mixture  of  carefully  predried 
CI3  and  CO  (Initial  ratio  of  1:4)  Is  passed  over  a boat  containing 
ruthenium  powder  and  placed  In  a Vycor  combuBtlon  tube.  After 
displacing  all  the  air  from  the  tube,  the  latter  is  heated  to  TOO- 
&OO^C,  and  the  fraction  of  CU  te  the  gas  stream  is  simultaneously^ 
increased.  The  beginning  of  the  reaction  is  clearly  marked  by 
considerable  swelling  of  the  material.  At  the  end  of  the  roactibsit 
the  boat  is  kept  for  half  an  hour  at  bright  red  heat,  and  the  QQ 
throughput  is  gradually  reduced  and  finally  stopped.  Cooling 
Cl  3 stream  yields  a well- cry stalliaed  product. 


'■i“ 

IL  In  the  method  of  iVdhter  and  Bala,  HuCla  is  prepared  w^idw 
the  use  of  CO.  A mixture  of  the  metal  and  NaCl  is  heated  at  TvO  C 
in  a stream  of  Clai  after  which  theproducts  are  reduced 
400  "C  and  extracted  with  HgO,  The  finely  divided,  veivety-Uaek 
metal  obtained  In  this  way  Is  chlorinated  at  800*0* 


»5M 


H,  i-  GRUBG 


MtOPtRTIfiS! 

Formula  weight  207.5.  Method  I gives  good  crystals  in  the  form 
of  shiny  black  platelets.  Insoluble  in  water. 


HEFERE^JCES; 


I.  H.  Reniy  {withM.  KShn).  2*  f 

H.  Remy  and  Th.  Wagner.  Ibid.  16S,  2 <1928). 
IL  la*  \^6hler  and  P*  Balz*  Ibid-  1^*  413  (1924), 


RnClj  ■ HjO 


Since  waTin  hydrochloric  acid  solutions  of  Hu  (111)  are  partly 
oxidized  by  atmospheric  oxygen  (for  example,  on  concentration) 
commercjaJ  water-soluble  ruthenium  trichloride**  Is  not  free  oi 
Ru  {IV)*  A pure  product  corresponding  to  the  formula  RuCU  * H^O 
can  be  obtained  from  this  material  by  electrolytic  reduction, 

A cathode  of  platinized  Pt  foil  (40  x 35  mm-)  and  an  anode  of 
polished  Pt  foil  are  suspended  inside  a small  porous  clay  cylinder 
placed  inside  a rectangular,  200“mL  glass  trough.  The  cathode 
liquid  is  a 0,03  M solution  of  commercial  HuCl 3 [or  a solution  of  an 
evaporation  residue  which  cor  responds  approximately  to  Hu(OH)  CL  3] 
which  Is  2N  In  HCl;  the  anode  liquid  is  2N  HCl*  Efficient  stirring 
is  necessary.  The  electrolysis  is  carried  cut  at  0,03^0,1  amp.p 
with  separate  control  Of  the  cathode  potential.  The  Initial  dark- 
brown  color  of  the  solution  gradually  clears.  The  electrolysis  Is 
stopped  when  the  cathode  potential  becomes  constant  at  3*01  volt 
and  Ha  evolution  commences.  The  reduced  solution  should  be  red, 
A blue  color  indicates  the  formation  of  the  undesirable  Hu  (II), 

The  RuCla  solution  must  be  concentrated  to  crystallization  in 
the  absence  of  air,  in  order  to  prevent  reoxldation  by  atmospheric 
o^gen.  The  evaporation  is  carried  out  In  a round-bottom  flask 
fitted  with  a dropping  funnel^  the  flask  is  purged  of  air  with  HCl 
The  reduced  solution  Is  then  introduced  via  the  dropping 
runnel;  with  HCi  continuously  passing  over  it,  It  is  evaporated  at 
point  to  a sirupy  thickness r and  finally  to  dryness  at 
6 100  C*  It  is  finally  dried  to  constant  weiffht  in  a vacuum 

desiccator  over  H^SQ^* 

The  aalt  obtained  in  this  way  la  ficeeof  Ru  (IV)  and  has  the  com- 
position indicated  by  the  formula, 

A£FEREKC£: 

C.  Cnibe  aiBi  G-  Fromia.  Z,  Elektrochem.  ^,661  (1940), 


^9.  the  platinum  metals 


tSflf 


Ammonium  HcxacKbroruthonote  (IV} 

(NH0,RtiCl, 

A concentrated  solution  of  WH^Cl  Is  added  to  a r^fbeidum 
ohlorLde  solution  and  the  resultant  mixture  concentrated  tu  air. 
The  dark- red  crystalline  powder  is  not  homotreneous*  It  contains 
{NH4}aIRu(OH)Cls]* 


SYNONYM; 

Ammonium  ruthenium  (TV)  chloride. 


Ruthenium  (IV)  Oxide 
RuO. 

In  the  method  of  Remy  and  KShn,  KuOa  Is  prepared  by  heating 
fine  ruthenium  powder  at  about  1000 *C  In  a stream  of  carefully 
predried  Og.  It  can  also  be  prepared  by  ignition  of  RuS^  in  atr 
(the  HuSg  is  obtained  by* precipitation  of  ruthenium  chloride  sdU' 
tions  with  iV&hler  et  aU  suggest  heating  pure  HuCU  at  ^00* 

700*C  jin  a stream  of  Og* 

PHOPERT1ES; 

Dark-gray  powder  with  a metallic  luster*  irideaces  gre^n  and 
blue.  Insoluble  In  acids.  Readily  reduced  by  even  at  moderate 
heating,  d 7*0.  Crystal  structure:  rutile  type. 

REFEHENCES; 

H*  Remy  (with  M*  Klohn),  2*  anorg.  allg*  Chem,  ISJi  301  (1924)j 
L,  Voider,  P.  Balz  and  L,  Metz-  Ibid,  1S9,  213  (1924)* 


Ruthenium  (VIII)  Oxide 
RuOhi 


Chlorine  Is  passed  through  a solution  of  an  alkali  rutheniitei  as 
described  earlier  in  the  section  on  the  purification  of  ^uthenlump  ^ j 
In  another  method  (Ruff  and  Vldic)  mixtures  of  ruUjenlum  poVde^ 
with  KMnOi  and  KOH  are  fused;  the  ruthenate  produced  In  this  way 
is  decomposed  with  HaSa  while  still  hot:  a COa 
simultaneously  passed  throu^  the  reaction  vessel  and  tto  BuC% 
distills  off,  ^ 


K.  1-  SRUBE 


l«00 

A mixture  of  Ru.  KMnO*  andKOH  (1 : 2 : 20  by  weight)  is  fusefl  to 
a mobile  liqoW-  The  dark-green  melt  Is  kept  liquid  for  O.5-1  hour 
after  *11  tbe  permangarnte  has  been  added.  After  cooling,  the  melt 
Is  dissolved  in  water  and  placed,  with  one  additional  part  of  KMnt\  , 
in  a flask  fitted  with  a dropping  funnel  and  containing  1 ; 3 H^o*. 
An  ice-cooled  flask  containing  some  ^^ter  is  used  as  tire  f list 
receiver  Ino  alcohol!  gee  properties),  followed  by  a flask  containing 
WaOH*  Stilfuric  RCid  is  introduced  until  the  color  changes 
from  Kreen  to  red;  then  further  HgS04  (1/3  of  the  total  liquid 
volume)  13  added*  After  this  a fast  air  stream  is  bubbled  through 
white  the  solution  is  heated  to40“-50  C-  Long  goldeneye  How  necdis$ 
Of  RuQfc  soon  form  in  the  ice-cooled  flask.  Later*  ruthenate  is 
formed  In  the  NaOH  solution,  producing  an  orange-red  color. 
FinaJly  the  solution  is  heated  to  boiling  In  order  to  steam-dlstiH 
any  remaining  RuO**  The  yield  is  almost  quantitative. 


paOPERTIEfl: 

Formula  weight  497*1.  A solid  composed  of  golden-yellow 
rhombic  prisms.  Very  voiatiJe^  subliming  even  at  room  tempera- 
ture, Characteristic  odor  comparable  to  nitric  oxide  or  ozone;  very 
irritating  to  the  respiratory  tract*  Less  irritating  to  the  eyes  than 
OsQi,  Meits  at  25 "C  to  an  orange-red  liquid.  Solubility  f20*C): 
E0.3  g* /liter  of  H3O.  Vapors  and  concentrated  solutions  tend  to 
react  eiqjlosively  with  organic  substances,  such  as  alcohol,  filter 
fibers,  etc*  Distillation  must  therefore  be  carried  cut  In  perfectly 
clean  equipment. 


O*  R,  Ruff  and  E.  Vidic*  Z.  anorg.allg*  Chem.  131,  49  (1924)* 


Potassiutn  Rothena^e  and  Poto^sium  Perruthenot^ 

KiBuOt ' H*0,  KRuO^ 

melt  is  obtained  by  heating  a mixture  of  Ru  powder 
KOH  and  adding  KClOa  or  this  readily  takes  up  water, 

giving  an  orange- red  solution.  On  evaporation*  KgRuO^  ■ 
crystaliizeg  in  iridescent  green  prisms  which  appear  red  when 
layers  and  viewed  by  transmitted  light.  If  CI3  is 
thA  solution,  the  latter  becomes  green  due  to 

Hun,  perruthenate.  Continued  passage  of  Cl 3 yields 

R^i-  However,  if  the  Clg  stream  is  shot  off  at  tlue  right  moment, 

oo^illtigasanaall  black  tetragonal  crystals, 
above  200  "C  ^ ruthsnates,  the  perrnthenates  are  not  stable 


THE  PLATINUM  METAI^ 


1M1 


REFERENCES: 

A-  Gutbier,  F,  Falco  ftiid  H,  Zwick^r,  Z.  ftnorg*  Chexxu  S®,  4» 
(1909);  F.  ICranas.  Z,  anorg*  allg*  Chem*  m*  3D&  {1S24)* 


Pure  Osmium 
Qs 

Osmium  powder  is  purified  ^ fusion  In aa oxidizing  alkali  melt* 
Nitric  acid  liberates  the  volatile  OsQ^  from  an  aqueous  solution  of 
this  jneLt;  the  OsO*  is  distilled  In  a stream  of  atr  into  a receiver 
containing  aqueous  NaOH  and  is  at^orbed*  The  osmium  ia  then  re- 
precipitated  as  OsS^  and  filtered  off.  It  is  reduced  to  the  metal  In 
a stream  of  hydrogen, 

The  procedure  is  almost  the  same  as  in  the  purification  of 
ruthenium.  The  fine  metal  powder  is  mixed  with  KOH  and  KKOa 
and  fused  at  red  heat^  After  cooling*  the  melt  is  dissolved  In  water 
in  a retort*  Nitric  acid  ie  added  until  the  solution  becomes  acidic* 
and  the  OSQ4  liberated  Is  carried  In  an  air  or  oxygen  stream  to  a 
receiver  containing  aqueous  NaDHt  in  which  It  Is  absorbed.  The 
solution  is  treated  with  HaS^  which  precipitates  the  osmium 
quantitatively  (as  OsSa)*  The  precipitate  is  filtered  off  and  reduced 
in  a stream  of  hydrogen* 

Since  the  sulfur  is  difficult  to  extract  from  the  metal  after  the 
hydrogen  reduction,  the  distillation  receiver  can  also  be  charged 
with  aqueous  KOH  (Instead  of  NaOH)i  the  resulting  oamic  acid  salt 
may  be  reduced  to  KaOsQ*  with  alcohol,  and  the  KgOsOt  reduced 
to  Os  with  Hg* 

PROPERTIES: 

M,p.  > 300{>“C.  Very  hard  and  brittle  ^ readily  pulverized.  The 
powder  always  retains  the  characterlsUcodorofOsO*  t since  traoe^ 
of  the  latter  are  formed  In  air  even  at  room  temperatures,  Hcatmg 
In  air  leads  to  complete  combustion  to  OsQ^> 


Osmiom  IIV}  Chloride 
Qja« 

Os  + 2CU  = OsCL 
190^  i41.a  333^1 


Small  quantities 
OsOa  with  Hg)  axe 


of  Os  (prepared,  f<*r  instance,  by  rsductlca  ci 
heated  to  650-700*0  In  a porcelain  bbat  sot » 


i«»a 


H.  U GSU8E 


a gU,s5.  cwnbustlon  tube,  whll«  a 

dJs«<I  through.  The  tube  is  constricted  beyond  the  boat  and 
ftir  30  cm  with  asbestos  to  produce  a aone  of  gradual  temperature 
dToif  A^t  2 hours  are  required  for0.a-0.5g.  of  Os  to  react.  The 
chSride  precipitates  In  various  forms  {cruste  o powders)  and  in 
various  colors  (black  to  red-brown).  It  deposits  In  the  reactor  tube 
at  and  beyond  the  construction.  The  tube  is  melt-sealed  at  the 
constriction,  and  the  part  of  the  tube  containing  the  chloride  is 
evacuated,  a cooling  trap  being  inserted  before  the  pump.  The 
material  is  sublimed  in  vacuum,  using  the  same  tube,  and  deposited 
in  a further  section  of  the  tube. 


PHOPEflTIES: 

Black  crust  with  a metallic  luster,  or  red-brown  powder* 
insoiuJbie  in  water  and  other  solvents  and  in  concentrated  oxi- 
dizing acids.  Slowly  hydrolyzed  by  water.  The  above  product 
does  not  correspond  exactly  to  the  composition  given  by  the 
formula. 


REF£R£:^X:E: 

O,  Ruff  and  F*  Bornemaim.  Z-  anorg,  Chem,  §5^  446  {1910J. 


Sodi<im  Hexo^hlarocsmofe  {IVf 
NaiOsCh'aH^ 

In  the  method  of  Guttaier  and  Maisch,  fine  osmium  powder  and 
NaCJ  are  mixed  in  a 1:1  ratio  and  the  mixture  heated  in  a 
porcelain  boat  in  a stream  of  Cl^  for  half  an  hour,  at  which  point 
the  ^mperature  should  correspond  to  a dull  red  The  con- 

^ NagOsCla  is  almost  complete.  The  sintered  contents  of 
the  boat  are  dissolved  in  theminimum  quantity  of  cold  dilute  hydro- 
chloric acid.  The  unreacted  metal  is  filtered  off  and  the  filtrate  id 
saturated  with  HCi  (Careful  cooling)*  Most  of  the  excess  KaCl  is 
thus  serrated  although  part  of  the  NagOsCla  also  precipitates  out* 
Gr^ually  evaporation  of  the  filtrate  yields  NagOsCU  as 
wa^i  crystals,  which ^ however,  obstinately  retain  traces  of 
I'epeated  crysUlilzatlon  from  dilute  hydrochloric 


B£fER£nCE; 

^ (SSSjr  dtach.  chem.  Ges._42,  423f 


^9+  THE  PLATINUM  METALS 


Ammonium  HsAachloroosmote  [WJ 

(NH*)rf>sa, 

In  the  method  of  Gutbier  and  Malach.  thJs  salt  Is  preolpitated 
by  allowing  a dilute  aloohoUc  solution  of  NI4  Cl  to  react  with  tlw 
stoichiometric  quantity  of  NSaOsCl^  (also  In  alcoholic  ftQhTtton). 
The  precipitate  is  a fine,  dark-red  powder.  It  orystalliaes  from 
dilute  hydrochloric  acid  (or  from  a mother  liquor  consisting  of  the 
components)  in  beautiful,  shiny  black  octabedra  which  are  i^atme 
under  the  microscope. 

Gutbler  claims  that  (NH^lsOsCla  is  also  obtained  by  dlasolviug 
in  HCl  the  sublimates  from  osmium  fusion,  concentrating  the 
solution,  and  mixing  the  filtered  liquid  with  N14C1. 

Hii;7'i:[t£Ncei 

A.  Gutbier  and  K.  Maisch.  Ber.  dtsch.  chem.  Ges,  -y,  4239  (1909). 


Osmium  (IV)  Oxide 
OsO, 

Osmium  (VIH)  oxide  is  reduced  in  the  cold  by  a stream  of 
If,  however,  the  OsO^  is  heated  In  the  H,  atream,  the  product  is 
the  metal.  Osmium  (IV)  oxide  can  also  be  prepared  by  heating  a 
f^tle  powder  consisting  of  a mixture  of  KaOsCle  and  three  times  its 
amount  of  Na^GOa.  The  temperature  should  be  lower  than  red  beati 
the  cooled  product  is  extracted  withwater  which  Is  slightly  acidified 
with  dilute  hydrochloric  acid.  The  product  is  perfectly  pure  OsO^* 

AUeiTtate  method;  Heating  of  Os  to  600-610*C  In  a nitrogen 
stream  saturated  with  OsCq  vapor.  Unreacted  OsOi  is  reclaimed 
from  the  nitrogen  stream  by  cooling  it  to  a low 
Ruff  and  H.  Rathsburg,  Ber-  dtsch.  chem-  Ges.  aiU  485  (1H17>J. 

PROPERTIES; 

Formula  weight  222.2.  d 11.4.  Black 
and  acids.  Forms  OsO*  on  heating  in  air;  readily  reduce 
metal  by  Hg,  Crystal  structure:  rutile  type- 


Oamiuin  [VMI)  Oxide 

OsOi 

Os  + 30t  = OsO, 
i90.S 


254.3 


as 


T^.  „ y..  , T,™ar6d  bv  a dry  aethod.  Osmium 


t«04 


H.  L.  GRUBE 


stream  of  dry  is  passed,  The  metal  burns  to  Os O*  , ^hieh 

SSTts  beyond Tl^  heated  2one  of  the  tube  or.  better,  in  a bulb 
K to  the  tube  and  cooled  (n  ice,  The  ^posit  consists  of  white 
^nv  crystals,  though  at  first  it  may  be  a liquid  (occasionally 
JdS^yeiloJ  in  color)!  which  forms  a crystalline  solid  on  cooling. 
Two  or  three  recelyers.  preferably  connected  via  pound-glaas 
ioii»ts  are  fitted  to  the  ^lass  tube  beyond  the  bulb-  They  are  half- 
fllled^with  KOH  to  absorb  the  OfiO*  vapor  entrained  by  the  oxygen. 
The  OsQ*  in  the  receivers  is  reclaimed  by  reduction  to  potassium 
osmate  (violet-blue  cctahedra);  this  Is  accomplished  by  treating 
the  combined  caustic  liquors  from  the  receivers  with  an  equal 

quantity  of  alcohol-  > 

The  temperature  at  the  boat  is  increased  gradually  so  that  the 
reaction  does  not  proceed  too  vigorously,  heating  initially  to  300 '^C 
and  gradually  Increasing  the  temperature  to  0OO*C-  The  tempera^ 
ture  is  then  slowly  reduced,  and  the  product  allowed  to  cool  in  the 
tube.  The  heating  is  most  conveniently  carried  out  in  a small 
tubular  electric  furnace. 


PflOPEaTlES: 

M,p,  40,6-^40.7 b-p,  130 “Cj  d 4-9.  Soluble  In  water  without 
decomposition;  may  be  volatilised  in  steam-  Dissolves  slowly. 
Decomposed  by  cone-  HCl  with  evolution  of  Cl A solution  of 
OSQ4  is  not  decomposed  by  light  and  can  be  indefinitely  stored  in 
transparent  bottles*  Toxic;  the  vapor  first  irritates  the  respiratory 
passages  and  (particularly)  the  eyes.  Decomposed  in  a stream  of 
at  red  heat,  forming  a mirror. 


Potassium  Osmcle  [VI] 


K,05Or2H,O 


A solution  of  Oa04  in  potassium  hydroxide  solution  is  reduced 
with  alcohol. 

Oemuztn  powder  (2  g,)  £s  heated  with  5 g,  of  KOH  and  3 g*  of 
silver  dish  to  form  a smoothly  flowing  meLt,  After 
cool  mg,  the  brown  solid  is  dissolved  in  50  ml-  of  water.  The  gray'"* 
1 precipitated  by  adding  twice  the  volume  of 

^ readily  decomposed  and  cannot  be  recrystaili^sd 
^ decomposed  by  heating  with  5 g,  of  CrOa 
^ O5O4  distilling  off  is  collected  in  10%  KOH,  and 
precipitated  from  the  resulting  solution  by 
an  equal  volume  of  alcohol.  The  solid  is  filtered  off  with 

alcoliol  and  with  absolute  alcohoi,  and 

orieo  in  vactiuia  over  H2S0** 


29.  THE  platinum  METALS 


tflOS 


In  a Simpler  method,  oamlum  powder  is  bested  directly  In  a 


PJltiPERTlES; 


pale  violet- red  octahedra.  Beadily  aoluWe  in  water ^ insoluble 
in  alcohol  and  ether*  Stable  only  In  dry  air.  The  water  of  crystal- 
lizatlon  is  removed  by  heating  to  aoo*c  in  an  Inert  gas.  Heating  In 

air  produces  OsQ*  * 


flEFEBENCE: 


o.  Huff  and  F*  Bornemann,  Z,  anorg,  Chem,  65*  434  (1910)* 


Potassium  O^mtamate 
K(OiOjN) 

QiOi  + KOH  + NHj  = KtOsOjN)  -H  2HtO 

^^4.%  L7.0  29L3  3QJ0 

In  the  method  of  Joly,  100  g,  of  OaQi  is  dissolved  In  a soluitlon 
of  100  g.  of  KOH  In  50  ml-  of  HgOf  the  solution  is  heated  to  40*C 
and  dilute  ammonia  is  added;  this  clears  the  dark-brown  liquid 
and  precipitates  K(0s03N}  as  a granular,  yellow  crystal  line  powder* 

Excess  ammonia  should  be  avoided  because  Lt  may  produce 
MK4(OsOaN),  The  product  is  washed  with  some  cold  water  and 
recry  stall  iaed.  Larger  crystals  may  be  obtained  by  gradual 
evaporation  of  the  solution;  however,  these  crystals  are  dark  due 
to  incipient  decomposition, 

t^nOPEATIES; 

Fine,  granular,  yellow  crystals.  Readily  soluble  in  water,  only 
sllgbUy  soluble  in  alcohol.  Darkens  on  beating  to  160*0.  with 
decrepitation  at  higher  temperatures.  d4,5.  Tetragonal  crystals. 

REFERENCE: 

A.  Joly.  Comptea  Bendus  Hebd,  Stances  Acad, Soi.  il2,  1442  (1891), 


Part  III 
Special  Compounds 


StCTtON  1 


Adsorbents  and  Catalysts 

R.WAGNEtC 


Introduction 


Solid  adsoithents  or  catalysts  must  poase&s  lar^e  surfaca  araas 
to  allow  contact  with  largo  quantllfos  of  reactants*  Large  surface 
areas  can  be  obtained  via  two  methods: 

n .SUHOIVIMON  O^-’THR  SOLID 

The  solid  is  subdivided  into  very  small  granules  ac  that  a lairgo 
fraction  of  the  total  crystal  lattice  structure  becomes  exposed  as 
particle  surface.  Comparison  of  x-ray  and  ultra  micro  sc  opio  data 
then  shows  whether  the  legultJug  granules  are  primary  particles 
(i*e*,  coherently  diffracting  single  ciystals)  or  ^econdai^  particles 
{i,e,,  a mosaic  oonsisting  of  several  primary  orystals). 


2}  CREATION  OP  A NETWORK  OP  INTERNAL  PORES 


In  this  case^  the  solid  is  permeated  by  a system  of  pores  (in- 
terconnected or  not),  somewhat  In  the  manner  of  a sponge^  The 
net  result  is  the  creation  of  a large  Internal  surface.  The  pore 
openings  of  such  active  solids  should  not  be  too  narrow  since  they 
must  allow  the  gases  to  penetrate  Into  the  interior  (sen  (8]), 

The  two  methods  of  achieving  high  surface  may  be  Illustrated 
on  the  classic  catalyst,  piatlnum;  thus,  platinum  black  Is  the  sub- 
divided solid,  while  platinum  sponge  Is  the  porous  form^ 

Active  substances  not  only  must  have  a large  surface  areSi 
but  must  also  possess  a proper  surface  structure*  As  a general 
rule,  one  can  expect  the  surface  lattice  of  matals  and  ionic  coni' 
pounds  to  differ  from  the  Interior  lattice  of  the  ciystal  [l^i  13^  14J* 
Thus,  the  active  surface  ie  veiy  readily  affected  by  e^™i 
agents  (such  as  impurities),  and  1^  also  subject  ^ 
nuences.  such  as  the  method  of  preparation,  etc*  In  addition,  it  is 
often  found  that  the  same  particle  may  carry  several  o^e  ^ 
Icgraphically  differing  surfaces-  Obviously ^ these  wtli  differ  not 


1609 


R.  WAGNER 


1$tO 

in  toir  Qhomtcal  properties  13,  4,  5]  but  aUo  in  their  caU^ 
Sio  activity  17,9,111.  This  fact,  ae  well  as  the  presence  of 
i^rtnsic  and  impurity  defects  in  the  lattice,  results  In  an  overall 
S»rf?ce  which  is^sually  veiy  heterogenous;  this,  in  tum,  affects 

its  adsorptive  and  catalytic  behavior* 

The  methods  of  controlling  particle  size,  surface  area  and 
surface  structure  during  preparation  of  various  adsorfienta  and 
cJSS^Tts  ai^  given  in  the  preparative  directions  for  individual 
^stances*  as  well  as  in  the  general  notes.  A more  extensive 
treatment  of  these  problems  is  given  in  Hef*  [A],  especially  m 
the  articles  in  Vol,  4,  The  usual  methods  are  frequently  em- 
ployed to  obtain  substances  whoso  activity  Is  not  only  related  to 
Ujeir  particle  size  and  surface  structure,  but  is  also  a direct  con- 
sequence of  other  factors  such  as  lattice  defects,  amorphisni* 
the  existence  of  unstable  modifications  [1,  10],  etc. 

We  have  seen  in  the  above  that  the  activated  state  of  eolids, 
which  is  the  result  of  the  existence  of  special  conditions  in  the 
material p is  rather  unstable  and  can  easily  be  destroyed.  In  the 
preparation  of  activated  solids,  this  state  is  fixed  by  removing  the 
conditions  favorable  to  a transition  to  a more  stable  form  (for 
example,  slow  aging  at  preparative  conditions);  i,e,,  the  solid  is 
‘frozen*'  In  the  activated  state.  This  may  be  done,  for  example^ 
by  rapid  quenching,  quick  removal  of  supernatant  mother  liquora, 
etc*  The  active  state  also  implies  higher  than  normal  surface 
energies.  For  this  reason,  active  materials  are  generally  very 
reactive,  and  are  frequently  used  In  heterogeneous  reactions 
(sol  id- solid,  sol  id- liquid,  or  solid-gas).  They  are  more  readily 
decQinpoeed  chemically  than  inactive  prepa rations ^ thus,  active 
metals  oxidize  faster,  oxides  hydrate  more  easily,  E^y  dr  oxides 
and  hydrated  oxides  are  more  sensitive  to  CO^  All  of  these 
solids  decrease  in  activity  with  time*  due  to  a slow  healing  of 
surface  defects  and  an  eventual  increase  in  grain  size#  The 
kinetics  of  such  aging  processes  are  In  some  ways  analogous 
to  those  of  the  ion- hole  processes  in  semiconduototB-  Aging 
proceeds  via  a series  of  individual  steps  and,  depending  on  the 
activation  eneigy  cf  these  steps,  different  optimum  temperatures 
are  roqtiired  if  the  aging  Is  to  proceed  at  a significant  rate«  The 
temperature  scale  of  Huttlg  [6],  derived  as  an  extension  of  the 
work  of  Tammami  (see  table),  le  based  on  studies  of  metals  and 
ionic  compounds  and  provides  a useful  rule-of-thumb  guide  to 
the  temperatures  at  which  these  processes  take  place, 

is  seen  from  the  table  that  some  healing  of  surface  defects 
Bible  without  undue  reduction  of  particle  size.  In  general, 
^mperature  of  any  heat  treatment  of  active  materials 
be  Btrlctly  controUed  to  avoid  deleterious  effects,  Ih  hetero- 
catalysis,  reaction  temperatures  exceeding  those 
recommended  in  the  table  are  often  unavoidable;  this  leads  to  a 


1.  ADSORBENTS  AND  CATALYSTS  |^|f 


Period 

Processes  occurrbig  In  the 
catalytic  material 

Initial  surface 
degradation 

< 0.23 

BeductloQ  in  adsoiblng  surface; 
degradation  of  those  suifacc 
facts  which  possess  the  highest 
eneiigy. 

Suiface  activation 

0,23^0.36 

Dsgradattcin  of  surface  defects. 

Deactivation  of  the 
suifacs 

0.33-0,45 

1 

Formation  of  a surface  which  Is 
stable  in  a thermal  equlHbrlum; 
beginning  of  particle  slnlerlng. 

Activation  of  the 
ciystal  center 

0.37-0.53 

Degradation  of  defects  In  the  to- 
terlcr  of  the  crystal. 

Deactivation  of  the 
interior  of  the 
crystal 

0.48-0.8 

Accretive  crystalllzationi 

Be  luxation  and 
disintegration  of 
the  crystal 

> 0.3 

Stage  prior  to  melting* 

- T/Tji,*  whflre  T is  tenipeTflLturfi  of  th&  expertuaont  and 
Tm  the  melting  point  of  the  substance  (*K), 


rapid  inactivation  of  the  oatalysti  la  such  oases  a stablLisatloa  of 
the  surface  and  of  the  xematader  of  the  defect  structure  may  be 
achieved  by  precipitating  the  catalyst  onto  a suitable  carrier 
substance.  This  method  is  also  used  to  transform  into  a quasi-ftolld 
form  subBtanoes  that,  ivbeii  pure^  normally  exist  only  in  a sub* 
divided  form. 

Such  carriers  must  have  good  accessibUlty  to  gasest  couabtned 
with  reasonable  mechanJcal  strength  and  thermal  stablli^^  The 
frequently  used  carriers  are: 

NATURAL  MATCmALS 

Pumice,  kleselgur,  various  silicates  {asbestos,  meersohawii^ 
etc*)^  adspfbent  clays*  etc, 

SV^TilETfC  MATERIALS 

Magnesium  oxide,  y-alumlnuni  oxide,  rutUe, 

dioxide,  aillca  gels,  barium  sulfate,  activated  oaibciis, 
network  supportli^  struotures,  various  silioatea  (espeiiialljj'  0* 
Mg,  Al),  etc. 
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N«lu»l  m4terJals  aw  tronsfomed  iato  carriers  In  a variety 
of  ways  sMch  as  slurrying,  washing  and  treatment  with  acids  or 
or  they  may  have  to  be  fractionated  to  separate  the 
mSt  ac«vfl  stnictures  before  the  catalyst  Itself  is  deposited. 
CitalvUc  substances  containing  alumina,  silica,  thoria  and  eimilar 
carriers  may  also  be  obtained  by  coprecipltation. 

It  Is  fluently  observed  that  the  activity  of  a catalyst  varies 
with  the  carrier  and  substrate  and  that  certain  catalyst- substrate 
combinations  give  especially  good  results  (see  [3]).  This  is  a partic- 
ular case  of  catalyst  promotion  which  is  frequently  observed  in 
mbted  caUlysts,  This  phenomenon  is  of  great  practioalimportance. 
It  permits  the  creation  of  catalyst  mixtures  that  are  very  active 
and  capable  of  influencing  reactions  in  a very  specific  manner, 
something  that  the  individual  componenta  of  the  combination  cannot 
achieve  qualitatively  or  quantitatively. 


REFEBEMCES; 
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Vol.  6.  Heterogeneous  Catalysis  HI,  Vienna,  1943, 

[B]  Advances  In  Catalysis,  Edited  by  W.  G,  Frankenburg,  V,  I. 
Komarewsky  and  E.  K,  Ftideal,  New  Fork,  beginning  with  194a, 
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1.  adsorbeny$  ano  catalysts 


ACTIVE  WIETALS 

The  usual  methods  for  the  preparation  of  motive  fi^  Into 

threo  groups,  which  are  characterized  by  conunon  prep^trattw 
methodology  atid  the  same  type  of  defect  structure  of  the  prodw<a^. 


PREP/\RATION  BY  REACTIONS  OE  SOLIDS 

These  reactions  should  be  carried  out  topochemtcally;  l*e*, 
active  metal  should  be  formed  in  the  boundary  region  of  the 
solid  starting  substances  and  not  via  a reaction  between  dlesolved 
or  gaseous  particles.  It  is  also  desirable  to  avoid  transport  of 
the  atoms  of  the  solid  from  the  initial  reaction  site;  thus,  any 
regrouping  of  atoms  due  to  the  reaction  should  involve  minimum 
displacement.  The  doslred  product  should  be  a loose  of 

mutually  }Olned  primary  ciystallltes.  The  lower  the  tempOEatere* 
the  shorter  the  exposure  of  the  material  to  high  temperature;  mid 
the  looser  the  structure  of  the  starting  materlait  the  closer  the 
approach  to  this  ideal  condition* 

Reactions  of  this  type  include: 

1}  Reduction  of  solids  with  gaseous  agents  {see  preparaiton  dt 
pyrophoric  cobalt,  p,  1615]  Nt-Mg  mixed  oxalate  catalyst,  p, 

2}  Reduction  of  solids  with  solid  reducing  agents,  soltd^solil 
reactionB  (see  tungsten,  p,  1622)- 

3)  Reduction  of  solids  with  solutions  of  raducihg  agents  (see 
''molecular’'  silver,  p*l623), 

4)  Leaching  out  one  component  from  a solid  mixture  (see 
Raney  Ki,  p-  1625}, 

5)  Thermal  decomposition  of  solids,  reeuitiog  In  liberation  of  a 
metai  (see  nickel  formate- paraffin  catalyst,  p*  1631)* 

PREPARATION  OF  ACTIVE  METALS  BY  DEPOSlTiON  FROM  A 
HOMOGENEOUS  MEDIUM 

These  reactions  give  materials  with  abroad  particle  size  dte- 
tribution,  which  does  not  follow  a piredetermined  prtifcablHty 
function,  but  is  controlled  by  the  prooesees  of  nucleatlon  and  phe^ 
formation,  A precondition  for  such  a distribution  is  a hi|^ 
of  supers atu ration  of  the  homogeneous  phase,  somethlz^ 
readily  achieved  given  the  poor  solubility  and  high  boiling  of  Eoeta®^ 
One  thus  dhtAin^  many  nuclei.  Local  superBaturation  Is insuStclw^t 
and  is  to  be  avoidod^  ProceBses  of  this  kind  Involve: 

1)  Beductions  of  compounds  from  the  gaseous  phase  and  fro^n 
homogeneous  solutionB  (see  active  copper*  p,  1633} « 

2)  Thermal  decomposition  of  volatile  metal  compound#, 

pcelally  carbonyls  (aeecarboj^i  iroUt  Pp  1636)-  . 
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preparation  BV  precipitation  on  iNTERf’ACES 


The  structure  of  such  precipitates  can  be  influenced  by  the 
carrier.  Thus,  oriented  deposits  are  too™  in  which  the 
uaUtes  of  the  deposit  are  preferentially  attached  to  a specific 
crystal  Dlaae  of  the  carrier.  Further,  there  exists  the  phenomenon 
of  eplt^  in  which  the  crystal  axes  of  the  individual  deposit 
particle  have  a definite  spatial  and  geometric  relationship  to 
each  other  and  to  the  crystal  axes  of  the  carrier.  Under  such 
conditions,  there  may  occur  significant  changes  in  the  relative 
proportions  of  some  crystal  surfaces  to  the  total  surface  area. 
Precipitation  on  a surface  is  not  necessarily  preceded  by  a chemi- 


cal  reflction* 

Among  such  methods  of  prepan^ations  ^re: 

1)  Electrolytic  preparation  of  finely  divided  and  active  metals 
(see  explosive  antimony,  p.  163S)* 

2)  Electrochemical  reduction,  cementation  (see  silver^  p*  1641}, 

3)  Deposition  from  a vapor  (see  metaiUc  deposits  from  a 
vapor,  p.  1643)* 

Pure  metallic  preparations  normally  do  not  have  a very  high 
intrinsic  activity:  the  total  activity  of  a catalyst  depends  voiy 
much  on  the  development  of  the  surface*  Lattice  imperfections 
are  usually  observed  only  in  the  presence  of  impurities  {incomplete 
reaction  of  starting  materials)  or  In  metals  supported  on  carrtere. 
The  carriers  prevent  sintering  of  metal  particles  [73]  on  heat 
treatment  during  preparation  or  use,  and  in  addition  they  sta- 
b[Uze  ciystal  modifications  beyond  their  normal  range  of 
existence* 


The  extremely  active  metals  are  pyrophoric;  that  is,  they 
oxidise  spontaneously  on  contact  with  air  or  In  a high- temperature 
environment,  becoming  brightly  Incandescent  (spontaneous  and  latent 
pyrophoric  tendencies,  respectively).  The  spontaneous  pyrophoric 
tendency,  which  causes  some  obvious  difficulties  in  the 
handling  of  these  materials,  may  be  converted  to  the  latent  one  by 
mixing  the  products  with  a 0,5%  solution  of  acetyl  cellulose  in 
^etone  or  a veiy  dilute  solution  of  pc ly serene  in  benacne* 
followed  by  evaporation  of  the  solvent.  Frequently*  a spontaneously 
fyrophorlc  metal  may  fae  sufficiently  deactivated  either  by  shaking 
i for  some  time  with  pure  bemsene,  petroleum  ether,  ethanol  or 
substance,  or  by  allowing  eucha  liquid  to  evaporate  from 
^ treatment  the  particle  surfaces  become 

<^xld^  due  to  slow  diff^ion  of  03^fgea 
^ liquid  or  due  to  slow  exposure  on  evaporatloiu 
is  alow  and  the  particle  is  at  least  partly 
^ ^ boat- removing  liquid,  the  heat  generated  by  the 
Ignitton  inorease  the  temperature  to  the  point  of 


1 . ADSOR&EMTS  ANO  tATAtrVSTS 

Pyrophoric  Cobolt 

aCoOfOH}  H-  3H,  = a Co  -h  4K^ 

ifla,9  57^2  j,  117.9 

Cobalt  (in)  hydroxide  (pjrepared  on  p,  1520)  is  placed  in  a. 
porcelain  boat  and  reduced  in  a stream  of  liydrogen.  The  boat  Is 
heated  by  a tubular  electr^c  furnace  whose  temperatuxe  Is  legu^ 
latedby  a thermocouple  connected  la  an  on-off  relay.  For  pxsctloal 
purposes,  a temperature  exceedlnif  aoo^C  gives  a sufficiently  hl^ 
reduction  rate.  The  crystal  structure  and  pyrophoric  nature  of  (he 
product  (at  room  temperature)are  related  to  the  reduetton  tempera- 
ture as  follows: 


TemperaturCp  ®C 

300  40Q  500  600  700  800 

Crystal  structure 

i^ropboric  tendency 
(see  p,  1614) 

CK™Co  (he 
spontaneous 

xagonal [49; 
latent 

1} . . , 0-Co  (oublo) 
not  sytophorlo 

Ti.  CARRIER-SUPPORTED  PYROPHOR[C  COBALT,  BY  REDUCTION 
OK  A COPRECrPfTATE 

A solution  of  75,0  of  Al(KO*)3  ^ 9 H^O  (0,2  moles)  In  300  ml, 
of  water  is  prepared  and  20Q  ml.  of  20%  sodium  hydroxide  solution 
Is  added  with  efficient  stirring.  The  Initial  precipitate  is  redis- 
solved and  a solution  of  29,1  g*  of  Co(NO^)a  ' B HaO  (0,1  moles) 
and  20  mL  of  cone.  {d  1.40)  in  500  ml,  of  water  Is  immedl'^ 

ately  poured  tn  (thin  stream*  good  agitation)*  The  violet- rose 
precipitate  Is  allowed  to  settle  and  then  Is  washed  4 or  5 times 
by  decanting  with  pure  water*  It  Is  thou  centrifuged  off  and  dried 
fix  an  oven  at  75 *C,  The  coprecipitate  Is  than  ground  under  water 
and  boiled  several  times  with  water  (250  ml,  each  Ume)  until  the 
absence  of  nitrate  In  the  product  can  be  established  by  Bome  quAU- 
tativc  tost  reaction.  The  product  is  again  collected  by  centrif- 
ugation and  dried  at  75^C,  then  at  lOO^C,  Reduction  of  such  co- 
precipates  by  method  1 yields  spontaneously  pyrophoric  materfale 
even  at  the  highest  reaction  temperatures*  WhOe  jS-Co  prepared 
by  method  I is  converted  more  or  less  completely  to  the  ^fbrm 
on  grinding  in  the  absence  of  air  In  an  agate  mortart  rcaterlais  pre- 
pared via  method  II  remain  completely  unchanged  [17]  on  such 
grinding.  The  ^-form  appears  to  be  the  more  active  hydrogenatJcft 
catalyst  [56], 

Ni*Mg  Mixed  Oxotate  Cotatyst  llill 
(NiMg)q,0*  -2H,a  © Ni/MgC,Oj 

In  the  Langenbeck  mothod  [34]  a solution  of  IS  g*  of  W(!TOa)  »* 
e KgO  and  70  g,  of  « H^O  fn  600  mi.  of  water  is  boated 
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«*c  Ukd  the  mixed  oxalate  precipitated  by  addition  of  a.  solution 
S fie  of  h!c»0*  • 2 HaO  In 400 ml. of  water  (constant  etlrrlng). 
«Jr  mlxiuie  *s  then  left  standing  for  12  hours  to  complete  the 
The  compound  Is  collected  by  suction  filtration 
Se  liffht-green  crysUls  washed  with  water  until  free  of  nitrataa. 
Drvine  at  100*C  yields  16  g.  of  the  mixed  oxalate. 


The  material  is  reductively  de- 
composed in  the  apparatna  of  Fig, 
336,  The  sample  ve  placed  over  the 
frit  ted -glass  plate  b (which  acta  ^ 
a distributor).  When  the  hydrogen 
stream  is  adjusted  to  10  liters/hour 
at  STPt  the  mixed  oxalate  should  form 
a stable  fluidized  bed.  The  tempera- 


ture is  then  raised  to  350^C,  The  de' 
composition  takes  150  muiutee. 

PnOPEKTiES: 

Black,  pyrophoric  powder.  Aside 
from  the  metallic  Ni  produced  in  the 
decomposttioTii  contains  a nearly  un- 
changed magnesium  oxalate  carrier 
(32J,  Extremely  active  hydxogeination 
catalyst, 

GOJERAL: 


Fig,  336,  Preparation  of  The  reduction  of  OT^genated  com- 
mixed salt  catalysts  by  pounds  to  active  metals  presented 

niiidized  bed  decomposl-  above  Is  a very  general  methckl- 

tion  of  oxygen- containing  Hydrogen  ts  frequently  the  only  useful 

compounds,  a reactor,  6 gaseous  reducing  agent « It  possesses 

fritted-glass  plate  (dla^  a high  thermal  conductivity#  and  there- 

tributor)^  c electric  heat-  fore  the  heat  of  reaction  tends  to  be 

faig  coll,  d thermometer  removed  as  fast  as  it  Is  generated, 

connected  to  an  on-off  re’^  This  Is  Important  in  systems  where 

lay  in  the  heater  circuit,  the  metal,  once  produced#  cataly^as 

another  further  reaction  {2#  52 J,  Apart 
^om  thls^  fewer  undesirable  side  reactions  can  be  expected  with 
^drog^  than  with  other  (possibly)  useful  gases  such  as  CO#  the 
Iwer  bydrocarbona  and  with  which  formation  of  carbonyls 
conUmlnation  with  carhldea  and  nitrides  is  possible  [201,  The 
must  be  sufficiently  high  to  remove  the  volatile  decom- 
are  formed?  otherwise  the  reaction 
rt!fl  tn^lted  ai»d  the  activity  of  the  ftaal  product  may  be  leas 
optlttuuD  fS6^  71  j_  ffaecesaaty,  the  exit  gas  oomposltloh 
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may  be  monitored  [2];  a continuous  moultorlngf  system  bsMd  es 
the  thermal  conductivl^  of  the  gas  can  be  eapeotal^  useful  [81 
The  oxygenated  starting  material  must  also  be  careful^  cboMn* 
In  the  foliowtug*  we  shall  present  some  remarks  pertaloliue  la 
IndivtduBa  Glasses  of  starting  materials, 

oxires 


The  best  starting  materials  are  active  oxides,  possibly  pro* 
duced  Prt  preferably  from  hydroxides^  hydrated  oxides  or 
carbonates*  In  some  cases  it  may  benecessa^to  start  with  a vety 
well-defined  oxide  modification  In  order  to  obtain  an  active  catalyst 
(39]*  Ocoasionally,  the  required  starting  oxides  are  produced  by 
thermal  decomposition  of  nitrates*  However,  the  activity  of  such 
products  Is  not  veiy  high  and  their  maximum  specific  surface  does 
not  exceed  a few  m,  ®/g.  For  this  reason,  nitrate  decomposttton  is 
important  only  for  the  production  of  supported  catalysts  (ace 
below).  Oxides  calcined  at  a high  temperature,  as  well  as  spinel- 
typo  materials,  should  be  avoidedp  sines  their  reduction  times  tend 
to  be  extremely  long  [3], 

FOhMATES  Am  OXALATRS 


Heavy- metal  salts  in  this  class  may  reduced  directly  since 
their  anions  also  arc  reducing  agents  and  thus  promote  the  overalL 
reaction  [36]*  In  some  cases  (see  p*  1665),  simple  thermal  de- 
composition of  the  formate  or  oxalate  will  yield  the  metal;  in  such 
caees  the  hydrogen  acts  only  as  a protective  gas  which  prevents 
re  oxidation.  Metals  obtained  by  this  method  are  not  always 
completely  free  from  carbon  [33,  37J*  The  nature  of  the  starting 
material  may  influence  the  activity  of  the  product  metal  catalyst 
to  some  extent;  this  is  especially  true  if  the  material  Is  reduced 
at  a temperature  just  sufficient  to  effect  the  reaction  [42]* 

The  following  methods  apply  to  the  production  of  carrier- 
supported  catalysts:  , 

a)  Precipi totioti  of  the  compound  to  be  reduced  {hydroxide  and 
carbonate  by  precipitation  from  solution ^ oxide  by  nitrate  deconx- 
posltlon)  on  the  desired  carrier.  The  major  mothode  involved  are 
those  of  Sabatier  (60,  61]  and  that  illustrated  by  the  case  of  active 
copper  [47]  (se©  copper  tower,  p*  469)*  Many  industrial  cata^ets 
are  prepared  in  this  manner;  It  Is  especially  reoonjni^dea  for 
cases  where  the  active  material  must  participate  in  a stolchiometrwS 

reaction,  * ^ i 

h)  Copracipikition.  In  this  case,  the  nctole  and  the  base  metal 
are  both  attached  to  the  same  type  of  anion.  The  noble  metal  ia 
In  the  form  of  a compound  which  yields  the  actual  catalyst  wpeth 
reduction,  while  the  base- metal  compound  yields  the  canter  upafe 
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r«diictiv«  decomposition*  The  coprecipitation  mtiat  be  carried  out 
tomh  « way  as  to  avoid  possible  fractionation  of  the  two 
components  [661-  Thus,  it  Is  desirable  that  the  copi^clpitanta  form 
compounds  or  solid  solutions  under  the  ^ 

for  i^tance,  that  divalent  metal  couples  (Co/2 n;  Ni/Zn  [12])  as  weU 
as  mixed  bi-  and  trivalent  metal  couples  (Mn/Ai;  Co/Ai  [la]; 
Nl/Al  fl3  43.  44,  46];  Cu/AM5])  can  form  double  hydroxides. 
Solid  solutions  (or  mixed  ctystals)  tend  to  give  especially  finely 
divided  active  metal  catalysts,  because  this  subdivision  tends  to 
exist  in  the  material  even  prior  to  the  reduction-  ^stematic 
studies  by  Langenbeck  have  ehown  that  mixed  formate  and  oxalate 
crystals  tend  to  give  especially  active  catalysts.  Such  mixed  salts 
decompose  at  low  temperatures  and  the  active  metal  exists  in  a 
finely  divided  form  [66J,  The  specific  surface  in  such  cases  la 
high  {In  isolated  cases  it  may  exceed  200  [54,  56]  J. 

To  achieve  homogeneity  with  these  relatively  soluble  compounds, 
which,  however,  have  different  solubilities,  the  mixed  formates 
must  be  prepared  by  a special  spray^drying  technique  [31]*  The 
mixed  oxalates,  which  are  precipitated  with  oxalic  acid  and  am- 
monium oxalate  rather  than  with  alkali  oxalates  (this  tends  to  give 
more  active  catalysts),  yield,  as  a rule,  homogeneous  materials 
via  a simple  precipitation.  Complex  oxalates  are  just  as  usable  as 
the  mixed  oxalates  [33], 

c)Aclivefion  of  the  surface  of  suitably  shaped  metals  by  surface 
oxidation  and  reduction*  This  process  may  have  to  be  repeated; 
highest  activation  is  usually  obtained  after  3-4  cycles  [21  j.  The 
product  particle  consists  of  a small  solid  metal  nucleus^ the 


carrier— to  which  the  reduced  metal*  in  finely  divided  or  porous 
form*  adheres  tightly.  The  roaghsning  of  the  surface  accompanying 
this  process  leads  to  a useful  increase  in  specific  surface.  The 
starting  materials  are  usually  thin  metal  foils,  but  sometimes 
oxidized  wire  cuttings  (see  CuO  “wjrs"'  (451)  give  a useful  catalyst 
with  a carrier  of  exceptionally  high  thermal  conductivity^  This  is 
a useful  feature  because  it  helps  achieve  a uniform  temperature 
distribution  within  a closely  packed  catalyst  mass* 

The  above  methods  may  also  be  used  for  the  production  of  alloy 
powders  and  solid  metallic  solutions*  However,  the  mechanical 
properties  [241,  the  tendency  to  lattice  imperfections  [25)t  and  the 
catalytic  activity  [4,  es]  of  such  preparations  are  not  simple 
functions  of  the  composition. 

The  hydrogen  reduo tton  method  Is  also  used  for  the  preparation 
of  active  forms  of  lower  oxides  and  sulfides  of  multivalent  metalB* 
leaver,  these  materials  require  a much  longer  time  to  achieve 
reduction,  ^en  though  the  preesdure  Is  otherwise  identical* 

uie  optimum  reduction  temperature  depends  on  a variety  of 
^tPTs.  Among  these  the  nature  of  the  metal  Is,  of  courser  Pf 
primary  importance.  However,  the  type  of  the  anion,  the  purity  of 
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the  Gtartlog  material  [51),  the  degree  of  deeompoBlUon  en^  t|^ 
feet  Btate  of  the  compouad  to  be  reduced  are  also  <iwpftffaut 
minaate  of  the  optimum  temperature.  The  depoeltioe  on  a oarvieir 
or  the  presence  of  admixtures  [11,  55,  62]  may  decisively  indv- 
ence  the  reductive  behavior.  The  lowest  reductloa  tea^Tatored 
are  achieved  with  specially  purified  gases  {carefully  dried  Ha l6d]r 
CO  free  from  CO,},  if  necessary,  at  reduced  pressure  [49], 


Literature  references  dealing  with  the  preparation  of  active 
metals  by  reduction  with  gaseous  agents; 


I:  free  metal  or  free  alloy,  k 

II;  metal  on  supported  carriers:  a deposited  by  pieoipitatlpn^;*, 
deposited  by  copreclpltatioo;  c ctotatned  by  activation  (aeete»t). 


a£Ft:neNCES: 


1.  F,  C,  Aldred  and  F.  Happey.  Nature  160,  26T 

2.  A.  F,  Benton  and  P.  H,  Emmett.  Amor.  Cbem.  SXf.  4g. 

3.  E.  F.^Berliut.  Bull,  Soo,  Franc.  Mneialog.  Cristallogr.  4 

(1953). 


R.  WAGNER 


4. 

5* 

6, 

3* 

9. 

19* 

11* 

12* 

13, 

U, 

15. 

16, 
17, 
IS- 
IS, 

20, 

31* 

22, 

33* 

24* 

25, 

26. 

av. 

28, 

29, 

30, 

31, 

32, 

33, 


a J,  Best  and  W,  W,  Russel.  J.  Amer,  Cheni.  Soc.  76,  338 

Y^^cl^TtQtet  and  B.  Unelik,  Comptes  Kendus  Hebd,  Seancea 
\CA(1  Scl»  234)  834  (i9S2)* 

B?Chatterjii"^<J  P-  P.  Das.  Nature  H3.  1046  (1954J. 

l"  W Covert,  R.  Connor  and  H,  Adkins.  J.  Amer.  Chem.  Son, 

54)  1651  (1932), 

F Cremer  and  E.  Prior.  Z.  Elektrochem.  55,  66  (1951), 
r!  m Dell  and  F.  S,  Stone.  Trans-  Faraday  Soc.  50.  501  (1954), 
D.  A.’  Dowden  and  P.  W.  Reynolds,  Discuss.  Faraday  Soc.  No. 
8.*  184  (1950), 

J.  J,  B.  </an  Eijk,  van  VoorthuJjsen  and  P,  Franzon.  Rsc,  Trav, 
c'him.  Pays-Bas  70,  793  (1951). 

W.  Feitknecht.  Kelv,  Chim.  Acta  766  (193S). 

, Ibid.  555  (1942). 

R.  M,  Flid  and  M.Y,  Kagati,  Zh,  FIz.  ^(mii  1409  (1950), 
M.  Foex,  Bull.  Soc.  Chim.  Prance,  Mem.  [5]  19,  373  (1952). 

R.  Fricke  and  F.  R,  Meyer,  Z.phys,  Chem.  (A]  1^,  177  (1939), 
R.  Fricke  and  H.  Miiller.  Naturwlss,  439  {1942), 

R.  Frlcke,  O.  Lohrmann  and  W.  Wolf.  Z.  phys.  Chem,  [B] 

60  (1937), 

R,  Fricke  and  W,  Schweckendiek,  Z,  Elektrochem,  46,  90 
(1940). 

W,  E.  Gamer.  J.  Chem,  Soc.  (London)  1947,  1239. 

W.  E.  Garner,  T.  J.  Gray  and  F,  S,  Stone.  Proc,  Roy.  Soc.  I A] 
197,  294  (1949). 

A.  J.  Hegedus,  T.  Millner,  J.  Neugebauer  and  K.  Sasvari.  Z. 
anorg.  alig.  Chem.  64  (1955). 

J,  0.  Hougen,  R,  H,  Reeves  and  G.  G,  Manneila,  Ind.  Eng, 
Chem.  318  (1956), 

G.  F,  Huttig  and  A.  Vidmayer.  Z.  anorg,  allg,  Chem,  272,  40 
(1953), 

F.  Hund.  Z.  Elektrochem.  56,  609  (1952). 

P,  E.  Jacobson  and  P.  W.  Selwood.  J.  Amer,  Chem.  Soc.  76, 
2641  (1954). 

M,  F.  L.  Johnson  and  H,  E.  Ries.  J,  Phys.  Chem.  57,  865 
(1953),  ^ 

P-  Jollbois  and  B,  Fleureau,  Comptes  RenduB  Hebd,  Seances 
Acad.  Ssl,  232,  1272  (1951), 

H.  Kolbel.  Chem.-Ing.-Technik  23,  153,  183  {1951). 

aoorg.  aUg-  Chem.  272.  64 

W.  I^ngeidwekandH.Dreyer.  J.  prakt,  Chem.  [41  1.  288  (1955). 
332  D.  Nehrlng.  Naturwlss-  41, 

(19^^*^*^  Ruzicka.  Z.  anorg.  allg,  Chem.  278.  192 


U AD&of^BENTS  ANO  CATALYSTS 


34, 


35, 


36, 

37, 

38, 

39, 

40, 

41, 

42, 

43, 


44, 

45, 


46. 


47, 

43, 


4&, 

50, 


61- 

52, 

53, 

54, 

55, 

56, 

57, 

58, 


59, 

60, 

61. 

62. 

63* 


***  W«Ut»r.  IblO^ 

HI  ^^TfluSs)  ^ Nebrtns.  pr»Irt.  Ohem- 

W.  Langeabeqk.  Angew,  Chem,  6S,  453  (1956). 

P*  Lihl,  MouaUh.  Chem.  81,  S32  (1950), 

, Me  tall  5,  183  (1951). 

F.  Lihl,  H.  Wagner  and  P.  Zsmsch.  Z.  Elaktxochem,  B6,  m 
(1952),  — ' 

. Ibid.  619  (1952). 

F.  Lihl  and  P.  Zemaoh.  Ibid,  56,  979  (1952). 

. Ibid.  50  (1953). 

J.  Longuet-Escapd,  Bull,  Soc.  Cbim.  France,  Mem,  [61,  M,  D 
153  (1949). 

, J.  Chtm.  Physique,  Physic o-chi in,  biol,  238(1950). 

C.  1j.  McCabe  and  G.  D,  Halsey.  J.  Amer,  Chem.  Soc,  74, 
2732  (1952). 

A.  Merlin,  B,  bnellk  and  St.  Teichner.  Comptes  Bendus  HeM. 
Seances  Acad.  Sci.  2^,  353  (1954). 

F.  R.  Meyer  and  G.  Rouge.  Angew.  Chem.  52,  637  (1939), 

A.  G.  Mcskvlcheva  and  G.  I,  Chufarov,  Dokl.  Akad.  Nank 
SSSR  105,  510  (1955), 

H.  Nowotay  and  H.  Juza,  Z,  anorg.  Chem,  253.  109  (1945). 

L.  d’Or  and  A.  Orzechowski.  Bull.  Soc.  Chlm,  Beige  62.  138 


(1953), 

G.  Parravano,  J,  Amer.  Chem.  Soc.  74,  1 194  (1962). 

M.  M.  Pavlyuchenko  and  Y.  S.  Enbinchlk,  Zh,  Prikl.  Kkli^j 
U,  666  (1951), 

G.  Rlenac  ker  and  S , Unger.  Z.  anoi«.  allg,  Chem.  2H,  47  (1963)^ 
G.  Kienacker,  M.  Schubert- Birckenstaedt,  J.  W.  Bircteoi- 
staedt  and  H,  Walter.  Ibid.  279.  59  (1955). 

G.  Rienacker  and  G,  Schne^erg.  Ibid,  2Si2,  222  (1955). 

G.  Rienacker,  J.  W,  Birckenetaedt,  M.  Sotwbert-Blickenatae^ 


and  G,  Techel.  Ibid,  289,  29  (1957). 

P.  Royeti  and  H.  Beinhardt.  Ibid,  281.  18  (1955),  ..  m- 

A.  M.  Rubinshteyn,  S.  S.  Novikov.  S.  Ya.  Lapshina  and  I. 

Shuykin.  Dokl.  Akad,  Nauk  SSSR ^ 77  (1950).  t 

A.  M.  Rubinshteyn  and  N,  A,  Psihytkova.  Izv,  Akad;^  Haw 
SSSR.  ad.  Kbim.  Nauk  1951.  70. 

P,  Sabatier  and  J.  B,  Seaderans.  Comptes  Rendus  Hwflt 
Seances  Acad.  Scl,  132,  210  566  (1901),  tfsi? 

P,  Sabatier.  Catalyse,  German  trsnsl,  by  B,  FIid«en^% 


N,  G.  Schmahl.  Angew.  Chem.  65.  447  (1653).  . . 

N I Shnvkln.  Kh,M,MinaohovnndL-M.  Feofanova, 

Nauic  S^R  Otd,  Khlm.  Nauk  1953,  96;  Obem.  Taqhn,  ii 
(1953).  ^ 


R,  WAGNER 


64  G.  C,  A,  Stjhult  and  N.  H.  de  Boer.  Eec.  Trav.  Chim,  Paye- 
Bas  13>  1®®'^  {1951J. 

« . n>ld.  72,  909  (1953).  , ,, 

66*  G.  M.  Sch^^ah  and  K.  Polydoropoulos.  Z.  anorg.  al]g.  Chem. 

p~  ^ Selwood  fliid  N.  S.  Dallas.  J.  Amer.  Clieni.  Soo,  70. 

fiS  aJlJe  and  W.  W.  Russel.  Ibid.  76.  319  U954>. 

69  A *Takasaki.  Sci.  Rep.  Res.  Ijist.  Xoholcu  XJniv.  (A]  5.  36S 

70  D Toyama.  Rev,  Phys.  Chem.,  Japan,  1^,  115  (1938), 

7l‘  g!  1.  Chufarov,  B.  D,  Averbokh,  Y.  P-  Tatyevskaya  and  V.  K, 
Antonov.  Zh.  Fiz.  Khimli  26,  31  (1952). 

72,  K.  Fischbeck  and  O.  Domer.  Z.  anoiTg.  alJg.  Chem.  182,  228 
(1928). 

73.  J.  T,  MeCartney,  B.  Seligman.  W.  K,  Hall  and  R.  B,  Anderson, 
J.  Phys.  Colloid  Chem.  ;W,  505  (1950), 


Ti/ngsten 


WOi  -r  a2ii  ^ W h 3ZnO 
231.^  isa.i  isa.n  ii\.\ 

Small  amounts  of  a homogeneous  inixture  of  50  g-  of  finely 
powdered  calcined  WO^  (prepared  from  Analytical  grade  sodium 
tungstate)  and  150  g,  of  ainc  dust  (containing  as  little  oxide 
as  possible  and  dried  at  150 ®C)  are  pressed  fnto  unglazed  porce- 
lain crucibles*  An  unglasied  porcelain  tube  may  be  used  when  a 
larger  batch  is  to  be  prepared;  the  tube*  centered  vertically  In 
the  crucible,  provides  better  heat  conduction*  The  mixture  is 
then  covered  with  a 1-  to  2’em,  layer  of  zinc  dust*  and  the  crucible 
is  then  closed  with  a closely  fitting  asbestos  lid.  To  tnittute  the 
reaction*  the  crucible  Js  heated  to500-520°C  in  an  electric  funiace* 
As  soon  as  the  mixture  ignites  and  a bright  glow  Is  visible  through 
a small  bole  in  the  asbestos  cover*  the  current  is  cut  off.  The  re-^ 
action  is  completed  within  a few  minutes  and  the  crucible  may  then 
be  removed  from  the  furnace.  After  complete  cooling*  the  erticiblc 
^ broken  up  and  the  product  added  (In  small  portions)  to  cold* 
dilute  (1  j4)  hydrochloric  acid.  The  mixture  is  boiled  until  hydro- 
gen evolution  ceases  and  the  supernatant  is  of  Zn*“free  acid 
added  from  time  to  time)*  The  product  Is  washed  in  * 
cent^nge  with  ojcygen-free  water;  at  the  end*  the  wash  liquors 
be  free  of  chloride  Jon*.  Toward  the  end  of  the  washing  pro- 
cennxe,  the  metal  begins  to  form  a colloidal  suspension*  It  should 
water  at  all  times  to  avoid  reoxldation*  Afta^ 
the  water  Is  displaced  with  ethanoli  under  which  the 
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product  may  be  etorad  la  active  form^  or  U is  inactivated  wtth 
benzene  [see  p*  1614)  and  dxled  in  vacuum  over  In  the 

latter  case,  tbe  product  consists  of  coarse  lumps*  which  be 
cautiously  triturated  under  benzene  to  give  a fine  powder  upon 
diying  [1*  3.  51. 

PROPERTIES: 

High  dens  11^  black  powder  which  consists  of  99%  provided 
the  workup  has  been  rapid  and  no  o;^geu  contacted  the  product. 
The  average  size  of  the  primaiy  particles  is  about  400  A*  with  the 
individual  crystallites  showic^  a slight  lattice  distortion  J3h 
Preparations  which  arc  not  inactivated  prior  to  storage  oxidize  In 
alr^  evolving  heat;  after  this,  they  show  oxygcnbands  in  the  powder 
patte  m, 

GEN  ERAL: 

This  method  is  obviously  applicable  only  to  very  high-melting 
metals  which  retain  their  sobdivislon  and  defect  state  in  spite  <rf 
the  high  reaction  temperature.  The  retention  of  theee  properties 
is  aided  by  the  fact  that  the  particles  of  the  reaction  product  are 
embedded  in  ZnO,  which,  together  with  the  unreacted  Zn*  gives 
effective  protection  against  penetration  of  atmoapheiio  ojq^n 
during  cooling-  This  form  of  tungsten,  as  well  as  the  analogously 
prepared  molybdenum  consists  of  such  small  particles  that 
it  gives  colloldai  solutions  on  peptization  by  the  etching  method 
(alternate  treatment  with  dilute  acids  and  bases}. 

Other  solid  reducing  agents  include  metal  hydrides  {for  estamplAp 
CaHjj)  [2]  and  carbon.  However,  reduction  with  carbon  does  not 
yield  solid  oxidation  products  and  introduces  the  danger  of  carbide 
formation. 
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"Molecufof"  Silver 


2AgCi  + Zn  = 9Ag  + ZeCIi 

28«,9  eSA  S1S.S 


in  the  method  of  Gombe^  and 
washed  silver  chloride  is  placed  In 
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MtttF  A rtatlnum  disk,  RtUched  to  a thoroughly  flanie-cleaaud 
Mre,  IS  embedded  In  the  AgCI  A ^rous  cUy  cell, 
at  the  bottom  and  containlae  some  water  and  a few  Zn  rode, 
S^ced  on  top  of  the  AgCl.  The  reaction  starts  as  soon  as  the 
nrotradiiur  platinum  wire  Is  connected  to  the  zinc  rods.  To  in- 
close the  reaction  rate,  a few  drops  of  HCl  are  added  to  the  clay 
ceU.  Bedactlon  of  250  g.  of  AgCl  requires  a few  days.  To  decrease 
the  ijiiirratioii  IxupuHtles  from  the  alnc  into  the  silvert  the  iic^uid 
level  in  the  cUy  cell  is  always  kept  below  that  In  the  beaker. 
After  completion  of  the  reaction,  the  product  (a  metal-contalnlng 
sludge)  Is  washed  with  water*  ammonium  hydroxide,  again  with  a 
quantity  of  water,  alcohol  and  finally  ethor. 


PROPEHTirS: 

High-dens t(y  gray  powder.  The  Individual  particles  are  per- 
meated with  many  pores  (pore  radius  of  the  order  of  10*  A);  the 
intereoimocted  single  grains  arc  primary  particles  [8]- 


GENERAL: 

The  reduction  of  a suspended  solid  is  applicable  only  to  noble 
metals,  but  under  favorable  reaction  conditions  it  produces  highly 
dispersed  materials  [2],  Here  again  it  pays  to  use  vciy  active 
starting  materials,  preferably  prepared  (by  precipitation)  im- 
mediately prior  to  use-  Apart  from  the  galvanic  reduction  method, 
one  can  use  dissolved  reducing  agents.  However,  these  must  be 
flheoibed  to  some  extent  by  the  precipitate  to  be  reduced.  If  the 
precipitate  is  unable  to  absorb  the  reducing  agent*  the  ions  are 
reduced  in  solution,  with  consequent  loiss  of  the  topochemical 
nature  of  the  reaction  [5J* 

Reactions  of  the  above  type  give  Cn  from  hydrated  Cu  oxide  and 
[2J;  Ag  from  Ag^O  and  H^Oa  [7];  Ag  from  AgCl  and  H^O 
[9],  [S],  (6),  Cr  ^ [4];  Pt  from  PtO * and  H ^ [1]- 

Platlnum-aabestofl  and  palladlum-asbestog  may  also  be  prepared 
by  this  method  (see  p,  1563), 
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ftottay  Nickel 

L METilOD  OK  PAUL  AND  HILLY  [ig] 

A fireclay  crucible  ia  chargedwith400g,of  Al,  It  is  then  heated 
to  1200®C*  and  300  of  nickel  ciibe^  are  added  at  cnee  to  the  Al 
melt.  Nickel  cubes  are  especially  useful  to  this  case  since  the 
material  is  porous  and  Urns  quick^  dissolved  at  the  Initial*  com- 
paratively low  temperature*  The  nickel  dissolves  In  a vigorous 
reaction  which  raises  the  temperature  of  the  melt  to  1500^0*  The 
alloy  must  be  prepared  under  a salt  melt  layer  or  in  an  Inert 
atmosphere  to  protect  the  Al  from  oxidation. 

After  cooling,  the  alloy  ia  broken  up  or  cut  on  a lathe  (however* 
it  is  best  to  grind  it  In  a ball  mill).  Then,  250  g,  of  the  powder  le 
added  in  small  portions  to  one  liter  of  ice-cold*  25%  aqueous  WaOH* 
LJuring  the  Initial  vigorous  reaction  the  flask  Is  kept  to  loei  then* 
the  mixture  is  gradually  heated  to  90-100*C  and  this  temperature 
is  maintained  until  hydrogen  evolution  ceases.  The  solid  is  allowed 
to  settle,  the  spent  hydroxide  solution  is  removed*  and  the  process 
is  repeated  twice,  each  time  with  one  liter  of  fresh  base*  The  N1 
sludge  is  then  washed  by  decantation  with  water  until  the  wash 
water  is  neutral  to  phenolphthaleln>  At  the  end*  the  water  Is 
displaced  with  ethanol  or  dioxane. 


IL  HANEY  NICKEL  W-6f 2] 

The  reactor  Isa  two- liter  Erlenmeyer  flask  equipped  with  a ther- 
mometer and  a stainless  steel  stirrer.  This  flask  Is  chaiged  with 
160  g-  of  NaOH  and  600  mh  of  water*  The  solid  is  dissolved  with 
intensive  stirring  and  the  solution  is  cooled  to  an  Ice  bath  to  50*C* 
Then,  150  g*  of  Haney  nickel- aluminum  alloy  (1 ; 1)  Is  added  to 
small  pieces.  The  rate  of  addition  should  be  such  that  tte 
perature  of  the  mixture  remains  constBut  at  S0±2C*  The 
addition  takes  2Q-^0  minutes.  The  solution  is  then  stirred  for  an 
additional  50  mtoutes  while  the  temperature  Is  kept  at  50  C (first 
by  cooling  and  later  by  heating  on  a water  bath>B  The  catajjret 
sludge  product  Is  washed  three  times  by  deoantotlon  w ^ r. 
It  Is  Immediately  placed  In  the  washiflg  twbe  e ^ 

Fig,  337  (the  last  of  the  product  is  transferred  Into  c with  a etroem 

of  water  from  a wash  botUe)- 


1CM 


R.  Vl/AGNtft 


Xube  ouft-tieck  Woulfe  flask  i?  are  filled  with  water 

and  Uw  appatatus  Is  assembled  as  qiiicMy  as  possible^  All  rubber 
stoppers  aad  tubing  should  be  held  In  place  with  clamps  or  wlres^ 
O^-freo  hydrogen  is  introduced  via  e until  the  entire  ap- 
paratus Is  under  a gage  pressure  of  0.5  fltm.  This  pressure  ie 
^ matntatned  while  stirring  at  such  a rate  that  the  catalyst  Is 
fluidtied  to  a height  of  lS-20  cm.  above  the  bottom  of  tube  e 
the  wash  water  flow  rale  from  h Is  250  mJ*/mln.  WhoBi  the  water 
Mservoir  t is  nearly  empty*  stopcocks  g and  a (the  latter  le  con- 
nected to  a large  pressurijied  water  reservoir)  are  simultaneously 
opened*  and  b is  replenished  at  the  same  rate  as  water  runs  out  at 
g (the  flow  rate  is  checked  by  a differential  manometer). 

In  this  way*  15  liters  of  HaO  are  allowed  to  pass  through  t.  The 
stirrer  motion  and  wash  water  flow  are  then  stopped*  the  pressure 
is  released*  and  the  apparatus  is  disassembled.  The  water  layer 
above  the  catalyst  is  decanted  and  the  solid  transferred  into  a 250- 
ml,  ceatrlfuge  tube  by  flushing  with  35%  ethanol.  The  material  is 
washed  three  times  by  stirring  (not  shaking)  with  95%  ethanol 
(150  ml-  each  time)  and  the  same  number  of  times  with  absolute 
ethasci*  If  centrifuged  after  each  washing  at  1500-2090  r*p.m,p 
one  to  two  minutes  are  usually  sufficient  to  settle  out  the  product. 
The  product  catalyst  is  stored  under  abaolute  ethanol  In  a re-^ 
frige  rater.  It  cannot  be  stored  Indefinitely, 


Fig,  33V,  Apparatus  for  eontlnuoua  washing 
0 Raney  nickel  in  the  absence  of  air*  o 
water  Inlet;  b water  reservoir;  c wash 
esgel*  d discarded  wash  water;  e i^drogen 
t f no£^le  for  attaching  a manometer; 
g waste  water  outlet. 


I.  And  catalysts 
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sible.  The  tlwe  from  the  begtonlng  of  the  nm  to  the  pla^ 
of  the  catalyst  lato  cold  storage  should  not  exceed  throe  houra. 


PflOPEflTlESj 


Very  dense  grayish-black  powder.  Used  as  a bydrogwatlon 
catalyst  [34];  it  can  al^o  serve,  just  as  Raney  imx  or  cobalt*  as 
the  starting  material  for  the  production  of  the  correspondliiz 
caibonyl  compounds  1191+  Also  used  as  a oata^et  carrier  J9}; 
can  be  efficiently  activated  by  treatment  with  metals  of  the 
platinum  group  [A], 

The  individual  catalyst  particles  are  very  porous.  The  priukary 
particle  size  ranges  from  10  to  100  A He*  42).  Haney  m W-6  con- 
tains 12.7%  A1  [20];  its  specific  surface  was  determined  as  87 
[44], 

GENERAL: 


The  intermediate  stages  of  Raney ^s  [33]  general  method  for  the 
preparation  of  catalytic  ally  active  metal  akeletons  can  bft  varied 
over  a wide  range*  making  possihJc  products  of  widely  varying 
activities.  Let  us  discuss  these  individual  stages. 

The  starting  oHoy  Is  usually  prepared  by  fustcn  of  the  Com- 
ponents^  this  fusion  should  yield  as  homogeneoue  a structure  as 
possible  [39 f.  In  another  method,  a fine  powder  of  the  pure  cata- 
lytic metal  is  mixed  with  Al  powder;  the  mixture  is  pressed  into 
tablets  and  sintered  for  some  time  at  moderate  (of  the  order  of 
700^C)  temperatures  [46),  The  Raney  alloys  can  also  be  obtained 
by  aluminothenmlc  synthesis  [11). 

The  optimum  composition  of  the  starting  alloy*  which  deter- 
miuos  the  catalytic  properties  to  some  extent  [36]i  is  controlled 
by  several  considerations*  namely*  a)  alloys  with  too  high  a content 
of  catalytic  metal  yield  products  of  low  activity  £^ll  upper  limit 
of  allowable  active  metal  content  varies  from  metal  to  metal, 
b)  Catalysts  obtained  from  alloys  of  differing  acUve  metalcontonts 
have  somewhat  diffe»nt  selectivitles  In  the  same  reaotlona: 
(6p  7],  c)  Alloya  with  a definite  composition  such  as  NiAl  maytift 
so  resistant  to  the  leaching  solvent  used  that  no  useful  Mtafysftp^ 
results.  The  use  of  ordered  solid  solutions  {e*g„  Nl^a)  does  hot 
offer  any  advantages*  since  the  Ni  atoms  tend  to  Tegroup^tntft?®^ 
undesirable  configuration  after  the  Al  Is  leached  out  [43).  _ \t 

DecomposHiqn  of  th«  oiby  ehould 
struoture.  However,  oomplete  removal  of  tto 
(which  accompanies  the  active  one)  requires  draat  c condltl^ 
and  leads  to  products  of  poor  aotlvlly 

decomposition  conditions  are  selected  so  as  to  leave  so»«iJ-4s. 
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mh.  oAiatvst  The  milder  the  condlttons  under  which  the  decompofli- 
aL  ^8  Piece,  the  more  active  the  catalyst  and  the  larger  the 
nni^Mttase  of  A1  in  the  final  product.  In  some  case.  It  is  sufficient 
to  teach^t  the  surface  Al  (40,  41;  see  also  341.  This  also  permits 
^Hvatlon  of  the  walls  of  the  catalyst-containing  reactor  (38],  It  is 
improbable  that  the  Al  in  the  catalyst  is  present  as  Al^Og  {30,  45], 


Literature  references  for  the  preparation  of  active  metals 
by  the  ftajiey  process. 


Skeletal  metal 

Second  metal 
(weight  %) 

Leaching  fluid 

References 

Fe 

Al  (20/80) 

Aqueous  NaOH 

117.30.34) 

Al 

Aqueous  NaOH 

[15] 

Co 

Ai 

Aqueous  NaOH 

1 

15,11, 13,  34] 

Ki  W-1 

Al  (50/50) 

Aqueous  KaOH  ' 

[fi] 

W-2 

Al  (50/50) 

Aqueous  NaOH  ; 

(271 

W^3,  -4 

Al  (50/50) 

Aqueous  NaOH 

[32] 

W-5,  -fi,  -7 

Ai  (50/50) 

Aqueous  NaOH  ; 

[2] 

W-8 

Al  (50/50) 

Aqueous  NaOH 

[25] 

Al 

Aqueous  NaOH 

[6, 29,39] 

Mg  (50/50) 

Acetic  acid 

1 

[38] 

Cu 

Zn 

; ! 

Aqueous  NaOH  i 

[24] 

Al.  2n  (50/45/5)  ' 
(Devarda's 
alloy) 

Aqueous  NaOH  | 

1 [15.  26] 

CoKl 

Al  (2/48/50) 
(5/45/50) 

Aqueous  NaOH  j 

[35] 

SI  (25/35/50) 

Aqueous  NaOH  j 

[12] 

As  far  as  the  effect  of  the  decomposition  con<3itions  ie  concernedp 
the  following  can  be  reported.  The  activity  of  the  product  ia  pro- 
portlonai  to  the  rate  of  the  decotnpoeition  varies  Inversely 
tbe  decompoaitton  temperature*  The  rate  can  be  enhanced  by 
SEarclog  With  as  fine  metal  powder  as  possible  and  adding  the 
laMr  as  rapidly  ae  possible  to  the  decomposing  medium  [6]*  The 

catalyst  (as  determined  by  x^ray  an^ 
hydroxide  concentration  and  the 
the  hyioxide  concentration  has  little 
I aetivi^  of  the  catalyst-  Adkins  [1]  baa  presented  a 

du  ™ effect  of  these  external  conditions 

w preparailon  of  Raney  NL 
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In  addition  to  the  Al,  the  reat^y  Aasey  nickel  oatalTSt  also  oolh- 
tains  hydrogen,  to  which  the  jyrophorlc  nature  of  the  producst  (221 
is  due.  For  the  nature  of  bonding  of  the  ligrdrt^e&t  see  (13,  14,  W, 
37.  43].  The  removal  of  hydrc^en  leads  to  loss  ofcata^rilib 
activity,  which  can  not  be  restored  by  renewed  treatmeht with 
hydrogen,  even  though  the  powder  patterns  of  hydi^ena-treatod 
inactive  preparations  do  not  differ  from  those  of  active  ones  123]> 
Since  the  catalyst  must  contain  hydrogen,  a special  tecbniqjue 
required  if  it  is  to  be  used  In  deuteratlon  reactions  [25J, 

This  general  method  for  preparation  of  catalytically  active 
structures  is  also  applicable  to  metals  other  than  Ni,  It  is  ako 
useful  with  alloys  {31,  34{.  In  addition  to  Al,  the  alloy  component 
which  Is  leached  out  may  be  SI  [12],  Zn  [24]  and  occaslimally 
[28]  (dilute  acetic  acid  is  used  as  the  leaching  fluid).  In  determining 
the  optimum  composition  of  the  Etaney  alloy  for  a specific  purpose, 
□ne  must  also  take  into  account  the  effect  of  the  second  metal. 
Highly  active  skeletal  Si  was  obtalzied  hy  multlst^e  removal 
of  Ca  from  CaSi^l  the  silicon  metal  was  arranged  in  the  form  of 
a network  consisting  of  slx-membered  rings  [21]. 
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Nickel  Formate-Poraffirt  Catolysl 

^ + COt  + 00 

184.e 

Dry,  precipitated  NiCOa  la  dissolved  la  a 20%  Stolcldometrift 
excess  of  50%  formic  acid  <80^0}*  The  salt  that  ciyetaUi^e^  oa 
cooling  is  filtered  and  dr[ed  at  110*C,  Then,  100  g,  of  this  fomate 
is  placed  m a 500-toIb  round-bottom  flask  equipped  with  a I2^wxu 
I,D,  condenser  tube  (method  of  Allison  et  al*  [I))  and  slowly 
heated  in  aspirator  vacuum  together  with  100  g.  of  paraffin  wax 
and  20  g*  of  paraffin  oil*  The  evolving  gases  are  washed  three 
times  with  paraffin  oil  to  trap  entrained  paraffin  wax  which 
plug  the  tubing.  The  product  1b  then  held  for  one  hour  at  170-00'C 
to  remove  the  water  of  crystallization,  and  then  the  tettiperature 
is  raised  to  245-255^  to  decompose  the  formate;  the  termination 
of  the  reaction  after  an  additional  four  hours  can  be  recognized  by 
a decrease  in  pressure.  The  reaction  product  is  poured  onto  a 
metal  sheet  while  still  hot.  After  cooling  as  much  as  possible* 
the  top  paraffin  layer  Is  scraped  off  and  the  remaining  veiy  black 
mass  is  broken  up  Into  coarse  pieces.  Immediately  before  uac* 
these  paraffin- coated  pieces  are  treated  on  a large  Buchner  Agmsl 
with  a large  quantity  of  hot  water  to  remove  most  of  the  para£!fa!^ 
The  residue  is  dehydrated  with  pure  ethanol;  It  Is  then  ImmerS^ 
several  times  In  petroleum  ether,  removing  the  petroleum  ethor  Iv 
suction, 

PHOPEETIES: 

Loose,  blackp  nonpyrophorlc  powder;  reJativeiy  stable  In 
provided  the  paraffin  is  completely  removed  and  well  wetted  by 
water*  Shows  an  activity  level  similar  to  that  of  Raney  BI  in 
hydrogenation  of  aromatic  nitro  compounds  In  aqueous  solu* 
tions,  ,L 


GENERAL: 

Thermal  decomposition  of  some  metal  compounds  whose 
are  reducing  agents  gives  the  metal,  which  may  have  a 
catalytic  activity.  Tbe  active  metal  may  thea  react  with 
with  gaseous  reactlOiO  products.  If  ■ 

{the  reaction  is  conduoted  in  an  inert  Mqiildh  ^ 

gaseous  products  are  QulcUy  ^ jSSSieJ 

a stream  of  inert  gas-ae®  P-  srapettme^ 

poflsihie  to  obtain  the  metal  la  Jta  -an  be  used  in  thte 

The  foEowlag  starting  metal  eompoun^B  can 

procedure.  ' ' • ' 
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Hydrid*!,  for  example,  CoH  fX6],  ZaK^  fl51,  CeHg  ts],  XJHj 
(31  a^ so  forth;  these  are  decomposed  inhigh  vacuum  at  relatively 
low  temperatures.  Active  uranium  prepared  from  UH^  has  the 
remarkaWe  abill^  to  absorb  large  quantities  of  Hg,  Og,  Ng  GO^ 
CO.  and  other  "base”  gases;  it  can  thus  be  used  for  the  purifica- 
tion of  "Inert”  gases,  especially  In  closed  systems  (4], 

F^rniotes.  for  example,  th«e  of  Co  fl7],  Ni  f2,  9.  l?j  Cu 
tl7)  Decomposition  of  these  compounds  yields  a very  porous 
active  metal  structure  of  crystallites;  the  same  is  true  of  Niond 
Co  oxplofo*  [3,  13J.  The  decomposition  of  these  salts  is,  to  a 
large  extent,  a topoohemical  reaction.  In  which  the  nascent  free- 
metal  atoms’ regroup  themselves  within  a very  small  region.  To 
obtain  these  metals  in  the  form  of  carrier-supported  catalysts, 
one  can  start  with  a mixture  of  salts  [3]. 

A number  of  other  organometallic  compounds  among  them 
several  acetylides  [7{  and  nitrides,  give  the  metat  in  a more  or 
less  pure  form  on  thermal  decompoBltion. 

Finally,  active,  sometimes  even  pyrophoric  metals  can  be 
obtained  by  thermal  decompoaitiona  of  a mol  gems.  Thus,  fine 
powders  of  Be  (14],  Cr  [6]  and  Ni  f9,  10]  are  (Stained  from  their 
amalgams  upon  removal  of  Hg  by  distillation.  Since  electro- 
chemically  obtained  Fe  and  Co  amalgams  [10,  11,  12]  decompose 
spontaneously,  the  active  metal  can  be  separated  by  simple  me- 
chanical means.  This  type  of  cobalt  is  an  extremely  active 
hydrogenation  catalyst,  while  Ni  produced  from  an  amalgam  is 
totally  inactive  [Idj. 

Highly  active  ncAjle  metals  may  also  be  generated  from  other 
compounds.  Thua,  Pd,  Ir  and  Pt  "sponges”  are  obtained  upon 
caJcInation  of  their  ammoniumhexachloro  complex  salts  (see 
p.  1562). 
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Active  Copper 

^ Cu  + ' 

03.^  104j0 

A fresh  solution  {800  ml*)  of  anhydrous  Zn-free  CrCia  8^) 
is  prepared  in  water  strongly  acidified  with  HCl  (see  p*  1367), 
Carhozi  dioxide  is  bubbled  through  and  the  solution  is  cooled  ^ 
0°C,  Then,  an  ico-cold  solution  of  60  g.  of  CuSO*  * 5 in  330 
ml*  of  water  is  added  with  vigorous  stirring*  The  reduoUoh  st^Jfte 
immediately  and  ends  In  a short  while*  The  precipitated  coEper 
powder  is  washed  several  times  by  decanting  with  water*  The 
water  is  then  displaced  with  ethanol*  The  alcohol  lS|  In  tur^t  dlfir 
placed  with  ether  or  benzene*  The  product  may  be  stored  upder 
either  of  these  liquids*  unless  It  must  be  Inactivated  before  uiHi 
(see  p*  1614)* 


PHOPEnTIES: 

Ejdremely  fine  red  powder  with  no  metallic  luster.  Very  usefial 
as  a catalyst  In  organic  ohemlstry  (16,  17}* 


G^EFAL: 

y V 

The  usefulnsBB  of  thia  homogeneous  piwse  rsductioji  is 
strioted  to  the  more  noble  metais.  The  range  of  reduoing 
which  can  be  used  here  Is  quite  widei  oations 
Fe=+,  and  others),  reduoiag  anions  (S^*  .PHgOs 
as  well  as  Hp,.  N^B*.  liHsPH.  H^O  and  so  forth  Idl he 

reductions  require,  as  a rule  9“**® 
conditions,  espeolallj-  as  far  as  the  hydrogen  Ion  c«*o<»traMo« 
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and  temperature  are  couceroed  if factors  also 

Xct  ttepartlcJe  size  of  the  product:  the  temperature  does  bo  in 
Sto  way  one  would  expect,  but  the  pH  in  a lees  pr^ictable  fashion. 
Thus  for  instance,  gold  preolpUates  from  alkaline  solutloaa  in 
emalier  primary  crystallites  than  those  obtamed  from  acidic 
solution  f8).  Certain  reactions  require  above’ atmospheric  pres- 
sures [fi,  lOl*  , 

Homogeneous  phase  reductions  have  rJ&o  been  carried  out  la 
liquid  NHg  22-30].  The  use  of  this  solvent  extends  the 

general  method  to  less  nobis  metalSr  whose  halides  may  thus  be 
reduced  with  alkali  metals.  The  intermediate  compounds  used  are 
frequently  metal  ammines;  these  are  carefully  decomposed 
to  give  the  active  metal.  The  acttvity  of  the  product  increases  with 
the  atomic  weight  of  the  reducing  alkali  metal  [261;  it  is  fre- 
quently maximum  when  Ca  is  the  reducing  agent  (4^  5J,  Many 
metaZs  obtained  viji  this  procedure  have  remarkable  catalytic 
actWlties.  The  use  of  the  method  is  restricted  by  the  tendency 
of  many  of  the  metals  to  combine  with  the  reducing  agent  under 
the  reaction  conditions.  Also,  some  of  these  metals  undergo 
reversib]e  reactions  with  the  solvent  [2}^  Solid  solutions  may  be 
precipitated  from  solutions  which  contain  two  easily  reduced  ca- 
tions (see  below).  Since  the  free  energy  of  the  lass  noble  metals 
decreases  as  a result  of  formation  of  mixed  crystals  with  more 
noble  metals j the  aqueous- solution  procedure  is  not  restricted 
to  the  alloys  of  noble  metals.  If  the  more  readily  reduced  metal  is 
also  quite  insoluble  under  the  roaotfon  conditions*  it  yields  the 
nuclei  upon  which  the  remainder  of  the  precipitate  crystallizes* 
Such  precipitates  are,  in  general,  finer  and  have  a much  narrower 
particle  size  distribution  than  chemically  uniform  materials 
(1^.  24  f. 


Precipitation  from  aqueous  solutions^ 


Metei 


Hfiducing 

agent 


Reaction  medium 


References 


Cu 

N1 


Cr^  + 
3:^4=' 


acid 

ammoniatai 

neutral? 


!7,16,17] 

(91 

I6,10j 


Ag 

IPt  blBOk) 
An 

Ag-Au 


HCOO" 

HiOj 

NH3OH 

Fe*+ 


Ag-Kg 


HgCO 

H3CO 


ammo&lacal 

anonoQlftcal 

oeiutral 

alkaline 


see 


acid 

alkaline 

alkaline 


[191 

p,  1662 

fS) 

[20] 

114] 

(121 

[11] 
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Precipitation  from  solutions  In  liquid  Mtunoma: 


Metal 

Reducing 

agent 

References 

Metal 

Reducing 

agent 

^ 

ftetereneea 

Fe 

Co 

Ki 

K 

K 

K 

Llr  Na,  K, 
^^b,  C3 

(33] 

[2S] 

(5,  22,  24] 
(261 

Ru.  Rh,  pa 
Ag  1 

It 
Pt 

K 

Ka,  K,  Ca 
K 

K 

(29] 

(1.  3,  41 
128) 

[27J 

Homogeneous  reductions  may  also  be  carried  out  Inths  goteovs 
phase.  In  this  case,  the  product  metal  must  form  a sufflclant]^ 
volatile  reducible  compound  {chlorides  are  frec(uently  nsefiil  In 
this  respect)  and  the  reduction  temperature  must  not  be  too  high. 
Suitable  reducing  agents  are  the  vapors  of  easily  volatile  base 
metals  or  hydrogen: 


SiCl,  + 2Zn  = 2ZnCI,  + Si  (IS) 
TlCl,  + 4Na  = 4NiCl  + Ti  US] 

vc)^  + an,  =.  4HCi  -f  V iwi 
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Carbonyl  Iron 


Fe(CO),  = Fe  + 5CO 

195,9  55.9  HO.l 


I.  ■FIBROUS'^  IRON 


In  the  method  of  Betscher  flj,  a nitrogen  stream  saturated 
with  Ffl(CO)g  at  some  temperature  is  combined  in  the  bulb-shaped 
factor  of  the  apparatue  shown  In  Fig.  338  with  a stream  of  very 
not  nitT'ogea,  The  hot-gas  quantl^  is  always  several  times  that 
of  the  cold  one.  Thus,  for  example.  If  the  carbonyl-saturated  H3 
flows  at  a rate  of  2 liters/hour,  the  flow  rate  of  the  hot  N 3 must 
^ litera/hcur,  ff  the  reaction  temperature  is  maintained 

e c®u  260  and  700®C  and  the  Fe  concentration  in  the  decom- 
exceed  10  mg./liter,  a uniform,  fibrous 
product  coneots  in  the  aetflii^  chamber. 

PBOPEjmES: 


carijcnyl  iron,  prepared  at  200®C  and  at  a reactor 
SStw  1 mg.  of  Fo/liter.  quickly  absorbs  10-15%  of  its 

i upon  oxpdG^ure  to  air;  It  must  therefocrd  b6  handled 
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t€n 


Fig,  338,  Ptepflration  of  vory  fine  iroa  powder  With 
fibrous  parUclee,  a settling  chamber ; r r6ac tor  (30mm* 
l.D.J;  t thermocouple;  p laltrogea  beatiog  tube  (20  mm* 
diameter),  filled  with  email  porcelain  piece Sp  (md 
heated  either  electrically  or  with  a series  burner; 
s flowmeter;  c carboiqrl  storage, 

and  used  in  an  atmosphere.  The  individual  fibers  reach  a 
length  of  10®  A at  a rather  uniform  thiclmeBs  of  about  2000  A,  They 
consist  of  primary  particles  70^90  A long  {ae  determined  by 
x-ray  analysis), 

n.  IRON  GLOBULES 

In  the  method  of  Belscher  [1]  Iron  globules  are  formed  at 
the  maximum  possible  Fc(COJb  concentration  in  the  decomposition 
zone^  The  apparatus  of  Fig.  333  is  used«  The  air  Is  flushed  out 
with  a moderately  fast  stream  of  N a introduced  via  the  Inlet  tube 
to  a.  Then  the  liquid  carboi^l  compound  Is  vaporized  at  a rate  of 
30  mi./hr^i  and  the  vapor  fed  into  the  decompofiltioa  chamber# 
which  Is  heated  to  200- 600  *C  (depending  on  the  reaction  caadltions}. 
At  this  point  the  flow  is  either  reduced  or  shut  off  completely, 
The  tubing  from  the  distillation  flask  to  the  decomposltioa  tiibe 
(which  is  surrounded  by  a vertical  heater)  must  be  well  insulatea 
or  maintained  at  about  UO^'C  by  means  of  a small  electric  call 
or  tape  fn  order  to  avoid  decomposition  of  the  iron  o&rboDyl^  Tte 
first  crop  of  product  does  not  have  the  desired  properties*  A 
form  powder  consisting  of  microscopic  glctotties  is  obtained  tawy 
after  a certain  Induction  period*  ■ ' 


PROF^ERTIES: 


The  individual  globules  have  a diameter  of  10^  10*  A aiid* 
peculiar  structure  simllau-  to  onicn  ^ f^].  Th^ 
ably  due  to  catalytic  deoompoelttou  of  CO  on  their  eurfaud)  «wiw 
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r *nd  they  Pick  up  i-2%  Os  on  exposure  to  air.  The  particles 
arow  * raptfUy  when  heated  to  above  350*C  14],  Because  o[  its 
Sucte  carbowl  iron  Is  solid-solid  reactions  (e.g. 

in  n^etallurgical  sintering  processes). 


Fig,  339,  Preparation  of 
very  fine  iron  powder 
with  giobular  particles, 
fl  iron  carbonyl  dtietilla- 
tion  aafik;  b oil  bath;  c 
decomposition  reactor 
and  Furnace;  d thermo- 
couple; f filter* 


GEE^ERAL: 

The  process  may  also  be  used  with 
other  metals  that  form  volatile,  read0y 
decomposed  carbonyls.  The  optimum 
reaction  conditions  vary  from  case  to 
case*  In  some  instanoss,  suppression 
of  carbide  formation  is  the  major  prob^ 
iem 

A material  with  a developed  loner 
structure  (i.e*,  porous)  Is  developed  Jf 
the  decomposition  Is  carried  out  com- 
pletely inthe  reactor  chamber  (where- 
by the  heat  is  supplied  by  radiation 
or  hot  gases}.  II  the  reacting  gases 
are  also  made  to  follow  a vortex 
path,  then  uniform,  small  particles 
are  obtained  [3],  However,  any  un- 
dec  omposed  caTbonyl  which  reaches 
the  wall  of  the  vessel  decomposes 
on  ft,  precipitating  the  metal  In  the 
form  of  a tenaciously  adhering  mir^ 
ror  or  in  layers  of  leaflets  (sea  p, 
1644),  Incomplete  removal  of  air 
or  deliberate  addition  of  oxygen  to 
the  reacEor  may  produce  fine  metal 
oxide  aerosols  (see  p,  1669), 
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Explosive  Antimony 

***  10%hydrochloriaacid  1b  electroiya^ 
w ^ ^ In  the  apparatus  shown  in  Fig,  340  {6).  The  solution  1^ 
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obtained  by  adding  300  ml.  of  cono  HCi  to  Ann  ^ „ 

.olvl»»  MO  s of  aoi,  i.  ou,  to'i^ 

op  o<»  Itor  Therteotroljjh,„„l. 

Cure  bath,  is  ei^er  a 650- mi.  tbree-nock  Woulfe  flask  or  a onft- 
iit&r  filter  jar  [7],  The  aaode  a con- 
sists of  very  high-purity  antimony;  if 
it  is  short  and  does  not  protrude  from 
the  eleotrolyels  Jar,  it  is  extendedwith 
a plattuum  wire,  the  remaining  length 
being  supplied  with  a copper  wire.  The 
cathode  c is  best  prepared  from  a 10* 
cm.-long  piece  of  l^mm.-dlameter 
Pt  wire,  but  copper  [7]  or  manganin 
[181  wires  of  the  same  diameter  are 
also  suitable;  the  cathode  c is  bent  to  a 
V shape  and  rigidly  attached  to  the 
stirrer  (with  the  two  free  enda  directed 
downward).  The  electrical  connection 
is  made  via  a drop  of  mercury  placed 
inside  the  hollow  stirrer  shaft;  this 
pool  contacts  a sealed- In  platinum 
wire,  which  In  turn  makes  contact  with 
the  cathode  wire- 

The  electrolysis  is  started  at  a very 
low  current;  after  five  minutes  the  cur- 
rent is  increased  to  give  a cathode 
density  of  approximately  0,3  amp./in?, 
while  stirring  at  a rate  of  lOOO  r*p<in^ 

Since  the  cathode  surface  gradual^y  in- 
creases during  the  run  due  to  deposition 

of  the  smooth,  shiny  metal,  the  current  must  he  gradually  increasea 
(25%  in  two  hours)*  A two-hour  run  yields  about  400  mg.  of  metal 
deposit,  sufficient  for  demonstration  purposes.  After  compleUciii 
of  the  electrolysis  the  cathode  is  carefidly  removed  (avoid  biua]^ 
ing  against  the  vessel  wall),  washed  with  couo*  HCltthenvrttn 
water,  and  rinsed  with  alcohol  and  ether* 


Fig*  340.  Preparation  of 
explosive  antimony*  a 
anode  of  pure  antimony; 
c cathode  of  plattmun 
wire* 


PnOPERTIES: 

x-ray  analysis  [8,  10,  U] 
is  amorphous,  -with  a crystal 
except  for  some  short-range 

stabilized  by  snmll  amoamts  of  aCia  or  c to 

the  preclpitete.  The  electrical  coadjujtiviy  Is 
tude  smaller  than  that  of  the  pure  element  {4 
which  is  a first- order  reaction  (4], 

the  walls,  tjy  slight  heating,  dr  by  an  electrio  dlschaige.  BOe 
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of  crystalllsttion'* 
Is  vsporiee<i  becomes 


of  3.5  kcftL/g.-atom  [5,  7],  the  trichlorliie 
visible  as  a fog. 


GE14£^L: 


Good  cathodic  d&poaitfon  of  powder  or  sponge  le  con- 

trolled by  a number  of  factors  whloh  depend  on  the  material 
itself  and  on  the  experimental  conditions  employed  [14*  20,  21J. 

a)  Cathode  sorfote  conditions*  A low  concentration  of  the  de- 
posited ion  in  the  cathode  surface  film  tends  to  prevent  the  forma- 

of  a solid  deposit  layer,  as  the  crystals  then  tend  to  grow 
away  from  the  surface*  Low  surface  concentrations  are  enhanced 
by  the  use  of  a dilate  electrolyte*  complexes  in  which  the  metal  is 
firmly  bound,  the  presence  of  high  conGMtraticns  of  neutral  salts, 
low  solution  temperatures,  and  high  current  densl^  in  an  un^ 
agitated  electrolyte^ 

b)  low  overyoltoge  of  the  metal  to  be  deposited;  this  causes 
needielikfi  and  dendritic  deposits  which  are  easily  crushed  to  a 
crystalline  powder*  e*e„  Cd  [19},  The  overvoltage  of  the  metala 
generally  increasee  with  complex  formation  and  decreases  with 
Uicreasiog  temperature.  These  factors  therefore  work  in  a direc- 
tion exactly  opposite  to  that  cited  under  (a), 

c)  Coprecipitation  of  bo  sit  softs  from  the  cathode  film  also 
gives  a porous  precipitate,  a condition  favored  by  the  use  of  neutral 
or  weaidy  acid  solutions  {depending  on  the  tendency  of  the  metal 
ion  to  hydrolyse).  It  is,  however,  also  possible  to  romove  H"*"  from 
the  cathode  film;  this  can  be  done  by  electrolytic  deposition  of 
electron- bearing  ions  {low  cathode  current  yield)— a factor  which 
may  be  enhanced  by  metal Uc  impurities  or  low  hydrogen  over- 
voltage—or  by  oxidizing  agents  which  use  up  while  aeceptlug 
electrons.  The  effect  of  temperature  on  this  copreclpttation 
varies;  higher  temperatures  favor  hydrolysis,  but  also  favor  the 
Increased  supply  of  hydrogen  ions  from  the  solution  by  increasing 
the  diffusion  rate* 


An  appropriate  selection  and  balance  of  these  factors  should 
permit  electrolytic  production  of  powders  of  every  metal  that 
can  be  deposited  from  aqueous  solution*  The  particle  eJae  of  the 
cathode  deposit  can  be  reduced  by  the  use  of  ultrasound  [£,  3J* 

The  eimultaneous  evolution  of  H2*  which  la  not  absolutaly  es“ 
eential  for  the  preparation  of  metal  powder*  nevertheless  causes 
a certain  fluffing  of  the  metal  precipitates^  allowing  them  to 
ow  ude  considerable  amounts  of  nonmetaDic  impurities  from  the 
Cu  or  Ag  precipitates  may,  under  proper 
occlude  several  percent  of  citric  ox 
fH  3CidB  (or  their  salts),  as  well  as  asparaginOt  bo  forth# 
i%M*A  tte  powders  have  lower  negative  potentials  than  the 

wis  (15Jp  lu  the  same  way  as  explosive  antimony  [1^1* 
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Fused  salts  (fluorides,  cMotldes)  easily  yield  ntetal  powdOM 
(1]  because  they  have  virtually  do  overvoltage  as  lone  as  the  hflth 
temperatures  are  kept  low. 


The  following  metal  powders  have  been  obtained  by  electrolysis 
of  aqueous  solutions:  Fe  (12,  20,  21),  m (12,  20,  211,  Culia,  16, 
20.  21},  Za  ri2.  13.  20,  21],  Ag[l7},  Cd  (19.  20,  21J,  Sn,  Pt>  [121, 
Ni^Pd  alloy  [9], 
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Silver 

(Active  Agent  for  Redoctofi]  ^ 

2AgNO,  + Cu  EZn]  ==  SAg  + Cu(NO,),  tZn(NO.),) 

335.a  fla,s  (W/i) 

, A 1 f71  or  aeve^al  *inc  Jfods  [Z}  ar* 
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of  w*ter  acidified  with  a few  drops  of  HNOa-  The  reaction  starts 
immediately.  When  the  solution  ia  free  from  Ag+,  the  copper 
sheet  and  the  stirrer  are  removed  and  the  silver  sludge  is  washed 
several  times  with  dilute  sulfuric  acid  (decantation).  This  removes 
most  of  the  copper  (zinc);  the  sludge  is  then  transferred  to  the 
reductor  tube  and  further  washed  with  dilute  sulfuric  acid  until 
free  from  Cu  (Zn).  The  sulfuric  acid  is  then  displaced  with  IN 
HCl-  the  acid  must  always  cover  the  silver  In  the  reductor. 
whether  it  is  being  used  or  just  stored.  Any  air  bubbles  present 
are  removed  by  shaking. 

The  regeneration  of  the  silver  in  the  reductor  proceeds  via 
method  of  Wislicenus  [9].  A small  piece  of  zinc  is  placed  on  top  of 
the  silver  filling  of  the  column  (this  column  packing  is  blackened 
for  about  3/4  of  its  length  by  superficial  chloride  formation).  The 
redactor  should  be  filled  with  dilute  sulfuric  acid.  The  reduction  of 
the  AgCl  proceeds  rapidly  if  the  Zn  makes  good  contact  with  the 
reductor  material. 


PROPERTIES! 

Fine  silver '-gray  powdor;  used  in  analytical  chemistry  as  a 
packing  for  Jones  r eductors  (redactions  in  hydrochloric  acid 
solutions)^ 

GOEELhL; 

This  process  does  not  usually  yield  very  pure  products  [4,  61* 
The  less  noble  metals  Cu  [4]}  become  pyrophoric  at  low 

temperatures*  The  somewhat  higher  energy  level  of  these  prepara^ 
tions  Is  due  to  the  large  surface  area  and  to  lattice  defects^  Some 
metals  tend  to  form  fibrous  structures  (8]  with  appropriate  reducing 
metals  and  solvents  * 

Zinc  can  also  be  used  as  a reducing  agent  for  the  preparation 
ofCu  14.  61,  N1 13j  andSttll!. 
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Depasitron  of  Me(ols  from  the  Vapor  Phase 


Departs  of  metais  from  the  ti^qt  phase  [2,  B,  6,  lOt  are 
especially  useful  for  studies  of  very  pure  materials,  where  It  is 
desired  to  correlate  the  structure  and  the  electronic  state  of  a 
solid  with  Its  catalytic  activity.  Metal  deposits  can  be  investi- 
gated by  electron  diffraction,  conductivity  measurexaeuta,  and 
optical  and  magnetic  techniques  even  while  they  are  covered  with  a 
layer  of  adsorbed  material  or  while  actually  participating  in  a 
catalytic  process. 


The  experimentaf  dppofotus  varies  with  the  type  of  study,  Li 
general,  the  parts  of  a glass  apparatus  should  be  ftised  togeOier 
so  as  to  avoid  greased  glass  Joints.  This  jneans  that  not  only  the 
reaction  vessels  proper  but  all  the  auxiliary  devices  such  as  gas 
receivers,  cold  traps*  manometera  and  so  forth  ttmst  be  fased 
to  the  apparatus  prior  to  the  start  of  a run.  To  obtain  reproducible 
results*  the  catalyst  carrier  ia  carefully  purified  prior  to  sealing 
the  apparatus*  heated  slowly  to  400-500"C*  and  baked  at  ftiB 
temperature  for  several  hours  In  a high  vacuum.  Only  then  Is  the 
carrier  temperature  adjusted  to  the  level  required  for  condensation 
and  the  deposition  of  the  metal  vapor  started.  Ali  these  operations 
must  be  carried  out  In  the  vacuum  of  a running  pump*  Fresh 
metal  deposits  adsorb  gases  extremely  readily.  For  thla  reason 
all  gases  other  than  those  actually  needed  In  the  process  (eapeolaUy 
those  which  may  be  catalyst  poisons)  should  bo  removed  from  the 


apparatus  prior  to  the  start  of  deposition* 

ReacHon  vessels:  The  inside  wall  is  usually  used  as  the  support 
for  the  deposit.  The  vessels,  which  are  made  of  quartz  or  glass, 
are  of  two  common  types:  spherical  flasks  for  adsorption  measuif*- 
menta  (1,  2&]  and  cylinders,  which  are  especially  suited  for 

experiments  la  catalysis  (5,  22J.  Since  the  studies  are  usually 
conducted  at  constant  temperature,  the  wall  must  have 
thermal  conductivity.  The  vessel  Is  either  ir^ers^  in  a bath  or 
surrounded  by  a jacket  filled  with  a heat  transfer  m^^m,  ' 

Vapoftzation  of  the  metol:  The  metal  must  be  melted  Invacm^. 
Aside  from  tWs  requirement,  which  a^i««  In  JJ? 

experimenter  can  choose  from 

procedure  Involves  resistance  beating  of  * ha J a atifficlentlv 

coil.  This  method  can  be  used  where 

high  volatility  below  the  melt  teg  poln  pr  u ^ 

an  appreciable  rate.  In  other 

vaporize  the  metal  at  or  above  its  m.p.  In  these  cases,  b 
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vanortwd  irom  the  STjrf&ce  of  a reslptance-heated  spiral  or  boat 
made  of  a hl^h-nwlting  metal  (W,  Mo  or  Ta),  The  current  leads 
ai^  sealed  to  the  giass  vessel;  if  necessary,  they  may  be  intro^ 
duced  la  water-cooled  ground  Joints*  Suitable  sheet- metal  screens 
pT^rtnl  condensation  of  metal  In  unwanted  places. 

Additional  poasible  heating  methods  include  highr frequency  ia~ 
diictiotx  heating  and  cathode  sputtering.  However,  one  should 
remember  that  deposits  cUained  from  a vapor  and  from  a sputtered 
cathode  differ  somewhat  in  structure  [14]. 

Condansotion.  In  general,  the  condensation  conditions  greatly 
affect  the  secondary  structure  and  the  catalytic  activity  of  the 
metaJlic  deposit  [7J.  Depending  on  condensation  conditions,  the 
metal  layers  deposited  on  amorphous  supports  {glasses)  at  low 
temperatures  may  be  either  crystallographic  ally  disordered  (ran- 
dom) or  oriented  [5.  25].  In  an  oriented  layer  the  crystallites 
adhere  to  the  support  in  a uniform  fashion,  the  boundary  with  the 
support  being  the  simply  indexed  crystal  lattice  plane  that 
has  the  lowest  atomic  (or  molecular)  density.  The  crystallite 
arrangement  in  aJJ  other  directions  is  totally  random*  Epitaxial 
growth  may  occur  on  crystalline  material,  with  deviations  of 
up  to  15%  In  the  lattice  dimensions  {B,  24,  34],  Metastable  crystal 
modifications  have  also  been  observed  in  vapor  deposits  [11], 

Condensation  at  low  temperatures  favors  the  formation  of 
homogeneous  mirrors , which  remain  stable  at  room  temperature. 
Under  these  conditions  mirrors  are  formed  even  by  metals  that 
otherwise  would  appear  dull  f23f*  The  specific  surface  area. 


which  is  controlled  primarily  by  the  melting  point  of  the  metal, 
is  slightly  higher  in  deposits  obtained  at  low  temperatures  than 
in  those  produced  at  0*C  [32],  Higher  condensation  temperatures 
or  the  presence  of  inert  gases  (noble  gases  can  be  used  in  ail 
cases*  nitrogen  sometimes,  while  hydrogen  is  completely  un- 
sultabte;  see  [12J)  results  in  a decrease  of  the  orientation  of 
the  crystallites  (the  latter  cease  to  be  oriented  at  sufficiently 
Ugh  condensation  temperatures).  An  additional  phenomenon  ap^ 
pear  lug  at  high  condensation  temperatures  or  in  the  presence  of 
gases  is  that  the  individual  crystallites  become  smaller  while 
plaining  their  normal  lattice  constants  [20j  and  the  deposits 
become  dull  blacky  In  contrast  to  mirrors*  they  show  a strong 
small- angle  x*ray  scattering  [0]. 

u deposition  of  lattice-distorting  substances  (r^aCl^ 

has  been  recommended  for  obtaining  defect  structures  [12]* 
Metal  deposits  which  are  useful  for  preparative  purposes  mfty 
ne  obtained  by  ftiurmot  decomposition  of  suitable  volatile  metal 
carbonyls)  On  hot  surfaces^  For  instance, 
weom^ltion  of  m{CO}^  on  Pyrex  glass  wool  at  150 “C  produces 
fliiely  divided  nickel,  which  ia  an  exceiiwt 
catalyse  for  gae-phase  hydrogenation  of  olefinic  double  bonds  [4]> 
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HYDRATED  OXIDE  GEtS 

The  hydrat&d  oxides  Used  as  adsorbents  a.rt  c alia  dp  more 
precisely^  x^rogels*  or  aorogols.  They  are  prepared  by  drying 
the  corresponding  hydrogels.  The  adsorptive  capacity  of  the  xero- 
gels  depends  on  the  drying  process  used.  The  starting  hydrogels 
are  prepared  hy  the  following  methods  i 

PREClPlUTtOiV  REACTIONS 

The  molecules  of  precipitated  hydrogels  are  usually  arranged 
iu  a random  order.  However  ^ ordered  structures  may  form  if 
the  conditions  are  such  that  basic  salts  or  aggregated  anions 
can  be  produced  during  the  precipitation  or  when  such  starting 
materials  are  used.  The  surface  properties  and  pore  structure 
of  these  gels,  which  show  aggregates  of  submlcroscopic  globular 
partiolea  under  the  electron  microscope,  depend  on  the  pre- 
cipitat^  ruction  used.  Amoi;g  these  reactions  are: 

) Precipitation  with  an  acid  or  a base  (see  hydrated  ehromiuio 
ojdde  gel,  p,  1648;  silica  gei.  p.  1648). 


Note;  111  American  practice  the  ter 
more  precise.  We  prefer  “reali 
rgaul  materials  and  "dry  gel"  for  inorganic  ones. 
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2)  Hydrolyses  of  alkoxides  that  give  preparatlone  free  of  «leo» 
trolytes  (see  alimimum  hydroxide  gel  p,  1852), 


hf.ac'iion5  op  souqs 


These  reactions  should  be  topochetnical  and  may  uaepreformod 
starting  materials*  Among  the  preparative  methods  of  this  clas^ 
are: 

1)  Topoc  hemic  al  hydroxide  formation  [see  "glimmering”  Iron 
(III)  hydrated  oxide*  p,  1654], 

2)  Leaching  out  one  component  Of  a solid  mixture  (see  p,  1658)^ 
The  preparation  of  gels  >y  controlled  coagulation  of  gols  1b 

used  more  rarely.  However*  it  may  still  be  of  interest  in  special 
cases*  For  instance^  globular  gel  partioles*  which  are  useful  as 
fluidized  bed  catalysts,  are  obtained  by  allowing  the  sol  to  drop 
into  a medium  which  causes  Its  spontaneous  coagulation. 

On  simple  drying  in  air  cr  heating  (if  necessary)*  gels  obtained 
by  precipitation  reactions  show  a much  higher  sbrinhage  than 
those  obtained  by  reactions  of  solids*  The  shrinkage  may*  however* 
be  avoided  to  a large  extent  if  instead  of  drying  the  material  one 
displaces  the  water  with  organic  solvents  of  low  surface  tension* 
These  are  then  removed  by  evaporation*  In  general^  the  pote 
volume  increases  as  thesurfacetensionoftheliquiduaed  deoreaaee 


Aerogels  with  an  especially  high  surface  activity  and  specific 
surface  (up  to  500  m?/g-  (41)  are  obtained  via  the  procedure  of 
Klstler  [5,  61.  In  this  casCi  the  water  in  the  hydrogel  Is  displaced 
with  an  organic  lic^uid  which  is  miBcible  with  water-  The  preparation 
is  then  heated  in  an  autoclave  to  a point  above  the  critical  tempera-* 
turc  of  the  solvent  where  the  supercrlticai  vapor  is  releaBed; 
Gels  prepared  by  this  method  retain  the  volume  and  the  structure 
that  existed  prior  to  drying.  In  the  preparation  of  hy^ated 
oxide  gels,  one  must  remember  that 

rapidly  on  contact  with  the  at^uecais  mother  llqimr;  In  addltio^^ 

spontaneous  crystallization  with  glimmering  deflagration  ffl<rnm. 
also  metamictic  minerals  |1>  Bi  BJ)-  ; 


1- 

2. 
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Hydrated  Chromium  Oxide  Gel 

2CT(NOa)9  ^ 6NH,  - CF,Oj'{aq.)  6 NHiNO, 


Slightly  more  than  one  liter  of  0*12M  NHa  solution  is  added 
with  efficient  stirring  to  one  liter  of  0,04MCr(NO3)a  (the  e^toess  of 
NHa  favors  the  formation  of  a floculent  precipitate)-  The  pre-* 
cipltate  Is  washed  10  times  by  decantation  ivith  water ^ filtered 
and  dried  at  150  ®C  [5]* 

PHOPEHTIES] 

Dark-green  glasslike  granules^  The  absorption  isotherm 
gives  a specific  surface  of  310  mVg-  (B^^T  method)  [&)-  Used  as 
a hydrogenation  and  dehydrogenation  catalyst  [IB], 


Silica  Go) 

To  start  withi  3*4  liters  of  sodium  silicate  solution  (sodium 
waterglass*  1,37)  Is  diluted  with  one  liter  of  water  (mechanical 
stirring).  Then,  ION  HCi  is  added  at  a rate  of  10  ml./min,  until 
thymol  blue  shows  an  acid  reaction  {pH  2-2. 8)*  (After  addition  of 
400  ml,  of  the  acid  tho  mistture  becomes  viscous  and  rubberlik®* 
The  acid  addition  is  interrupted  and  the  mass  Is  broken  up.  It  is 
then  m^ually  stirred  while  acid  is  added  In  drops.  The  mixing 
is  continued  until  a thin  suspension  is  obtained-  The  remainder 
of  the  acid  is  then  added  at  the  original  rate  until  the  desired  pH 
is  reached-)  The  mixture  is  then  stirred  for  two  additional  hour® 
at  room  temperature,  suction-filtered  and  washed  until  the  wash 
Ihpild  IB  no  longer  acid.  The  gel  is  dried  at  200 "C  for  12  hourSi 
ground  to  the  desired  particle  sizet  and  fijially  washed  free  of  Cl  • 
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The  product  is  then  dried  at  250 *C  tor  24-48  hews  (U],  -yteM: 


PROPERTIES: 


Oull’wMte  gel  granules;  hardness  approxlmateW  that  of  grUsa^ 

mVg*)*  Gels  prepared  according  to 
the  above  directiGns  are  especially  useful  for  chromatograpMo 
purposes  [11], 


GENERAL^ 


Many  other  hydroxide  precipitates  may  be  obtained  to  a wy 
similar  to  that  used  for  the  hydrated  chromium  oxide  gel*  Howerert 
when  selecting  the  starting  metal  salts  one  must  remember  that 
anions  of  multivalent  acids*  especially  SO^~^  are  frequently 
difficult  to  remove  from  the  product  by  washing.  For  this  reason 
nitrates,  chlorides  and  perchlorates  are  preferred*  In  addition* 
hydrated  oxides  obtained  from  sulfates  Sequent ly  have  a very 
high  tendency  to  spontaneous  deflagration.  Isomeric  hydrated 
salts  p such  as  chromium  (IH)  chloride  hydrates,  may  gf ve  a 
varioly  of  hydroxide  precipitates  ([10];  aee  p.  1345).  The  base 


is  usually  a freshly  prepared,  carbonate^free  NHa  solution*  to 
cases  when  the  metal  ion  forms  stable  ammlne  complexes  which 
make  a quantitative  precipitation  difficult*  the  preolpttation  may 
be  carried  out  with  ammonium  anatate  or  tetramethylanH 
monium  hydroxide  solutions  f£2)^  to  addition  to  these  agents  and 
the  various  alkali  metal  h^^roxldes,  active  MgO  and  alkaline 
earth  hydroxides  may  also  be  used  as  precipitants.  The  impurity 
cations  that  are  adsorbed  on  the  precipitate  may,  under  certato 
cireum stances*  act  as  catalyst  or  adsorption  promoters*  Hydrated 
oxide  gels  of  amphoteric  metals  may  ^so  be  obtatoed  by  careful 
neutralization  of  the  corresponding  alkali  hydroxometallate  soIut- 
tions^  As  a rule,  such  precipitates  are  microcry fltalltoe  and  oon- 
taminated  with  large  amounts  of  alkali  ions*  Hydrated  odddes  of 
cations  with  a high  ionic  potential*  such  as  Tl^ +*  may  also  bifr 
obtained  by  hydrolysis  of  their  salts,  whereby  a dlalyxer  may 
also  be  used  [28,  33,  34]. 

The  quantity  of  the  preelplUttog  agent  has  a large  effect  <to  tto 
properties  of  the  product  geL  Incompfete  precipitations  (flUM 
actdlo  solution  In  the  case  of  hydrated  metal  oxide 
alkaline  solution  In  the  case  of  sUtoa  gels)  produce 
strongly  opalescent  gels  with  a wide 

epecific  surfaces*  An  excess  of  the  precipitating  ^at*  on  tW 
other  hand,  usually  causes  the  condensation  reaction  to  goto 
completion.  As  a result,  the  gel  products  are 
linked  and  the  preaeiwe  of  the 

them  hard,  elastic  and  translucent,  with  toirly  P® 
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Th6  urooertfes  of  the  pi  oduct  gels  depend  also  on  the  reaotlon 
tamneTatur^  as  well  as  the  order  and  rate  of  addition  of  the 
solutions.  If  the  precipitating  agent  Is  added  slowly  to  the 
sSnolution.  there  is  a possibility  of  forming  an  intermediate  basic 
24);  these  it^&y  then  precipitate  as  well  defined  compounds 
161  On  the  other  handi  slow  addition  of  the  precipitant  may  yield 
Istwlvanlons  (polyslUcate  ions  and  so  forth);  these  last  may  also 
beaded  beforehand  to  obtain  special  effects.  Such  precipitation 
oroducts  are  aged  in  a specific  way  compared  with  gels  obtained 
bv  fast  addition  of  the  salt  solution  to  the  precipitant  [17, 

201 

The  adsorptive  selectivity  of  the  gels  may  be  influenced  to  a 
cerUici  extent  by  the  preparative  conditions^  One  may,  for  Instance, 
produce  silica  gels  which  adsorb  a specific  dye  of  characteristic 
moiecuJ&r  shape  and  charge  distribution.  This  Is  done  by  dis- 
persing this  dye  in  the  silicate  solution  and  the  precipitating  the 
gel  in  the  presence  of  the  dye  [2,  4,  9]*  Similar  experiments  have 
been  carried  out  with  optically  active  compounds  ([3],  see  also 
[ID*  The  silica  gel  surface  may  also  be  modified  in  a specific 
way  by  adsorbing  on  it  appropriate  substances;  this  yields  prepa- 
rations with  completely  new  adsorptive  properties  114^  19]* 

The  adsorptive  activity  of  gels  is  reduced  not  only  by  heat 
hut  also  by  grinding*  Grinding  produces  a slight  reduction  in  the 
specific  surface.  This  is  occasionally  accompanied  by  a reduction 
of  the  average  pore  radius  [16], 

The  above  general  remarks  apply  also  to  mixed  precipitates 
of  metal  hydrojcides  as  well  as  to  silica— hydrated  metal  oxide 
mixed  gels*  As  would  be  expected*  products  obtained  by  simul- 
taneous precipitation  of  two  (or  more)  compounds  differ  from 
those  obtained  by  mechanical  mixing  of  finished  gels;  both  of 
these  types  of  gels  are  in  turn  different  from  mixed  gels  produced 
hy  sequential  precipitation  In  the  same  solution.  Finally,  we 
Should  mention  the  so-called  chalky  silica  gels  (see  p*  1656), 

To  summarise*  the  quality  of  the  final  product  gels  depends  on 
the  history  of  the  preparation*  In  view  of  the  many  possible  slight 
variations  in  the  procedure  which  affect  the  reactions  involved,  it 
is  not  surprising  that  the  products  vary  in  quality* 

The  product  gels  may  be  freed  from  impurity  ions  (usually 
present  In  large  amounts)  by  dialysis  or  electrodialyais-  However, 
even  t^  procedure  does  not  yield  gels  completely  free  from 
e ec  olytes*  If  completely  pure  products  are  desired,  it  i&  best 
^ hj^rolysis  of  alkoxides  presented  on  p.  165  3* 

us  cite  a number  of  new  publications  dealing  with 
^ preparation  and  testing  of  hydrated  oxide  gels:  l^drated 
aluml^  coUdes  [30,  32];  silica  geis,  unmodified  £11,  13,  Ifi,  2lr 

w '«  « « by<Jrated  titanium  axldes 
[8, 15.  28,  33,  34);  hydrated  chromium  oxides  £5,  10,  18,  33-25J; 


1.  ANO  CATALYSTS 


f»t 


hydrated  iron  oxides  [7,  17,  20,  23,  29];  hydrated  ^IrcOBhlKi  flotWe 
[26];  hydrated  tin  oxide  [31h  hydrated  thorimn  oxides  [8]. 
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Atuminufn  Hydroxide  Gel 
ft -GEL  nv  TlfK  METHOD  OE  ^^ILLSTATTEH  KRAU1' 

A!(0C*H,).  ^ 3H=U  - Al(OH),  h aC*K,OH 

In  the  method  of  Schmah  [251,  CO^-free  double- 

distilled  water  is  placed  in  a one-Uter,  three- neck  flask,  whose 
center  neck  carries  a mercury-^seai  stirrer.  One  side  neck  Is 
closed  off  with  a soda  lime  tube.  The  other  Is  fitted  with  a dropping 
funnel  with  an  ungreased  stopcock  from  which  a solution  of  3 g*  of 
aluminum  ethoxide  in  200  mL  of  absolute  ethanol  is  allowed  to 
run  in  a thin  stream  Into  the  vigorously  stirred  water  (the  alumi- 
num ethoxide  is  prepared  from  Si-  and  Fe-free  99,99%  A1  by  one 
qf  the  methods  given  on  page  B40  and  is  then  dissolved  by  refluxing 
with  the  required  amount  of  ethanol}H,  During  the  hydrolysis  of  the 
ethoxide,  the  temperature  rises  by  6-8*,  The  precipitate  is 
washed  by  decantation  with  double  “distil  led  water  (the  settling 
may  he  speeded  up  by  centrifugation). 

PflOFfTHTIES: 


The  of-gei  is  completely  free  of  electrolytes;  ita  surface  is 
quite  alkaline . The  fresh  gel  is  completely  amorphous  fl9]j  it 
a^s  ^spidly  to  bayerite  via  the  intermediate  stage  of  bohmitOi 
the  alkalinity  of  the  surface  decreasing  considerably  in  the 
process  [16,  17],  Aluminum  oxides  prepared  from  this  gel  are 
more  active  than  the  usual  aluminum  oxide  catalysts  fl]* 


geherai.-: 


. .™S  method  of  preparatlos  allows  sonta  latitude  in  the 

alcohol  moiety  of  th« 
The  hydrolysis  may  be  carried  out  in  absolute  ethanol 
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solution^  the  hydrolysis  a^nt  being  atmospheric  moiature  tetlirllir 
In  air)»  Alternatively,  aqueous  alcohol  may  be  added  to  the  etbaMl 
BOlution*  or  ^ hydrolysis  maybe  carried  out  in  the  reverse  £iudiiOB, 
by  addition  of  the  alcoholic  solution  to  water  {the  water  may  be  hot, 
if  required)*  Ammonia  solution  may  be  used  instead  of  water.  Solid 
alkoxldes  (such  as  some  methoxldes)  may  be  Iw-drolyzed  la  a 
stream  of  moist  air  with  heating  if  required  [271,  Since  the 
hydrolysis  of  alkoxldes  of  metals  of  variable  valence  may  proceed 

in  steps  [2^  5,  11],  the  most  active  products  are  obtained  on  fast 
precipitation* 

The  ability  of  the  alkoxide  to  undergo  hydrolysis  depends  on  the 
nature  of  the  alcohol  moiety*  This  abill^  decreases  with  tnereaee 
In  the  molecular  weig^ii  of  the  organic  part  and  increases  til 
the  order  of  primary  to  tertiary  alcohol  (as  ebown  alrocnlum 
and  titanium  alkoxldes  [6,  a,  26]),  The  volatility  of  the  alkmddes 
increases  in  the  same  order.  This  fact  is  of  some  Importance, 
because  with  elements  having  a high  atomic  number*  it  is  often 
only  the  tert-alkoxldee  that  can  be  distilled  (and  thus  purified), 
even  in  high  vacuum  (for  example^  Th  £10])* 

A high  hydrolysis  temperature  accelerates  the  aging  ppocoss*  so 
much  so  that  in  some  cases  the  amorphous  hydrated  oxide  cannot 
be  isolated* 

The  following  references  deal  with  metal  alkoxldes: 


Metal 

Method  of  preparation 
of  the  aikoxido 

1 

Hydrolysis  and  products  of 
hydrolysis 

A1 

p,  840  this  handbook 

[1,  3,  16, 17, 1»,  21,  25] 

Si 

[7J,  see  p.  702 

[2, 18,  22,  32],  see  p,  698 

Ti 

(4,  7,  11,  24,  26,  27] 

[5,  11,  X5,  18.  20,  23,  26,  27] 

Cr 

[301 

[30] 

Fe 

[24,  28,  29] 

[29] 

Zr 

[6-8,  24] 

[6] 

Nb 

[14] 

[31}  -- 

Sn 

[34,  31] 

Ce 

113] 

Hf 

[9]  ! 

■ ■'  ^ 

Ta 

112] 

■T  J’ 

Th 

[10,  13] 

. ■■  , - “i* 
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Glunmering"  Hydroted  Iron  (Ml)  Oxide 

«ausalrteal**j!S)°^  Jj*  £3J.  ^0  g.  qf  FeSO*  ' 7 HaO 

uea  for  40-60  minutes  in  a KJeldahl  flask 
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with  200  ml*  of  pure  70%  HgS04,  The  we.ter  Tffior  is 
escape  in  order  to  concentrate  the  acid.  Following  the  resotlo&lte 
tablet- shaped  crystals  (which  range  in  size  up  to  2ro&i,>  s)t«r 
collected  onafritted-gUsafilter,  They  are  washed  with  some  wateiv 
then  several  times  with  acetone,  and  are  then  dr  led  In  vacuunu  Thd 
dry  crystals  are  reacted  (vigorous  stirring)  with  200  ml.  of.l^J 
aqueous  ammonia  (or  correspondingly  lees  of  a more  conoentraW 
solution).  The  reaction  is  over  in  10-15  minutes.  The  product 
allowed  to  settle,  the  mother  liquor  is  decanted,  and  the  reelduh:. 
washed  4-5  times  by  decantation  with  water.  The  hydrated  oxide 
is  collected  on  a filter,  rinsed  several  times  with  water,  and 
dried  with  acetone  and  ether. 

To  obtain  a preparation  with  a particularly  Impressive  glim- 
mer, the  substance  is  predried  with  ether  (as  above)  and  then 
carefully  heated  at  300“C  for  30  minutes. 

PHOPEUTIES: 

Contains,  even  after  baking  at  high  temx>eraturs,  a considerable 
amount  of  water.  Single,  freely  flowing  particles  retaining  the 
external  shape  of  sulfate  crystals.  Amorphous  on  x-ray  analysis; 
the  hydroxide  framework  is  permeated  by  numerous  pores. 
Crystallizes  spontaneously  and  with  glowing  to  ct-PeaQa  on  heatihg 
to  3S0"C. 

CEWERAL: 

The  ability  of  the  system  to  undergo  a topoohemical  reactl^ 
depends  on  several  prerequisites;  the  solid  should  not  dissolve 
too  rapidly  (otherwise  the  reaction  does  not  occur  at  the  interfaee 
but  In  solution).  This  prerequisite  is  often  fulfilled  by  sulfates  o£ 
tr ivalent  metals.  If  necessary,  the  rate  of  solution  may  be  reduo^jd 
hy  adding  a sufficient  quantity  of  an  organic  substance  to 
aqueous  solution.  The  organic  substance  may  be  acetone,  glycdij 
glycerol,  dloxane  and  so  forth,  or  in  the  case  of  hydroxide  "pre- 
cipitations,” It  may  be  pyridine,  mono-,  di-  or  trlethaBolamlnfii 
morpholine  and  so  forth  (see  {6]).  ' V' 

The  reaction  product,  which  is  formed  on  the 
reacting  crystals,  should  not  form  a solid  film:  It  must  i; 

tneable  to  ail  reagents  present  In  solution  so  as  to  y| 

completion  of  the  reaction  throughout  the  individual  crystallites. 

Instead  of  simple  salts,  one  can  use  double  salts  wlfii  reedt^ 
soluble  components.  Thus,  KA1(S04)a  * 12  HaO  yields  a gramitor'. , 
liydrated  aluminum  oxide  with  a very  porous  structure  16}.,  ; ; 

Salts  may  also  be  reacted  topochemically  to  yield 

The  “glimmering**  was  also  observed  in  hydrated 

[1.  loj,  Sc,  Nb,  Ta  [10]  and  others.  ^ 


WAGNEjf 


AMltor  topochemJowJ  method  for  preparation  of  hydrated  oxides 
a?Stetisk>n  of  the  procedure  proposed  by 
case  of  metals.  The  required  starting  mixtures  may  be  obtained 
by  AKicn  of  the  oojnponents  or  by  coprecipitation.  A commercial 
ftisloa  procedure  yields  Vycor  glasses  with  Interestlikg  a sorp  ve 
UMl  oa^ic  properties  [4.  6,  9],  The  fusion  procedure  is  also 
used  to  obtain  sodium  ferrite-alumJnate  mixed  crystals;  these  then 
yield  hydrated  iron  (I®  oxide  skeletal  structures  showir^  con- 
siderable chemical  activity  (reacting  with  hot  aqueous  NaOKJ  pro- 
Tinted  the  starting  contains  an  exo&ss  of  nlundinnte  £7],  The 

activity  of  such  structures  is  due  hoth  to  the  small  particle  size 
of  the  product  and  to  a strongly  distorted  ciystal  lattice  due  to 
'^feoseii"  thermal  vibrations  fSJ. 

Coprecipitation  of  silicic  acid  with  hydrated  oxides  of  metals 
such  an  Fe.  Al,  Cr,  Ca,  Cu,  Ml  and  so  forth  yields  silica  gels  that, 
alter  wBahing,  drying  and  activation  by  leaching  with  hydrochloric 
acid,  give  challty  materials  (provided  the  metal  concentration  in 
the  starting  mixtures  Is  high  [2]). 
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ACTIVE  metal  oxides 

of  preparing  active  metal  oxides  may  be  grouped 
to  slmlUrlties  of  procedure  or  of  structure  of  the 

pheparation  bv  topochemical  reactions 


reactlims  that  give  activated  oxides 


Tic  U^pocbdmical 

Of  suitable  cotnpounas: 

pflS**^**  aluminum  ojdde,  p.  1660; 


are 
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2)  Thermal  decomposition  of  nitrates,  carbonates,  agtf 

so  forth  (see  magnesium  oxide,  p.  1663;  zinc  oxide,  p.  ifm. 

3J  Dehydration  of  hydrated  oxides  in  the  mother  Uoum  fsm 
lead  (IVj  oxide,  p,  1668J.  ^ 

The  products  preparedunder  mild  conditions  are  usually 
pseiidomorphs  of  the  particles  of  the  starting  material  (see  [17!), 
Reproducible  preparation  of  active  oxides  requires  not  only  constant 
decomposition  conditions,  but  also  consistently  uniform  starting 
materials  (constant  conditions  during  precipitation  and  so  forth). 
The  effects  of  the  chemical  composition  and  the  plgrsical  structure 
of  the  starting  material  on  the  properties  of  the  final  product 
decreases  with  increasing  decotaposltion  temperature.  The 
of  this  decrease  is  proportional  to  the  extent  of  ageing  of  the 
products  during  reaction  conditions. 

Kinetic  measurements  on  thermal  decompoaltion  reactions 
yield  several  empirical  equations.  In  general,  these  msy  be 
interpreted  as  follows: 

1,  If  the  order  of  the  reaction  Is  1/3,  the  process  is  diffusion^ 
controlled. 

2,  If  the  order  of  the  reaction  is  2/3,  the  process  is  a decom?- 
position  reaction  which  progresses  from  the  outside  to  the  center. 

If  the  specific  surfaces  of  the  products  are  plotted  against  the 
decomposition  temperature  {at  constant  decomposition  time),  typical 
curves  are  obtained  f3].  From  these,  once  can  not  only  read  ofiC  the 
optimum  conditions  for  creation  of  maximum  surface  hut  one  can 
also  obtain  some  indication  of  the  mechanism  of  the  decomposition 
reaction.  Complete  explanation  of  these  phase  relations  (In 
some  cases,  an  extremely  complicated  problem)  requires  the  use 
of  x-ray  and  IR  spectroscopy  and  thermogravunetrlc  methods. 

In  practice  the  decomposition  temperature  must  be  exactly 
maintained.  Thus  one  cannot  employ  a shorter  reaction  tlmeni^ 
higher  temperature  without  incurring  a loss  of  activity  inutile 
material.  The  effect  of  the  atmosphere  in  which  the  reaotion ' 
proceeds  Is  especially  remarkable.  In  some  cases  It  was  poeslMe 
to  reduce  the  activation  energies  for  the  decomposition,  by  10^^ 
kcal./ mole  (by  comparison  with  those  needed  in  air  or  vacuum)  by  ' 
proper  choice  of  the  gaseous  atmosphere.  In  many  cases,  a prope;^' 
chosen  gaseous  atmosphere  allows  the  deoompoaitlon  to  ppropdei^ 

unusually  low  temperatures;  this  in  turn  gives  hjghra^t^  >' 

preparations  [2], 

PHEPARATION  by  CONOmSATION  FROM  A HOMOGENEOUS  -.f;- 

phase  . 'v, 

«,i.  ' < C',  si  . 

The  only  oxides  that  can  be  condensed  from  the 
^ those  that  are  vaporized  products:  of  a chemteaLTeWUalj^ 
burring  immediately  prior  to  the  condensation.  Oti£6l'wfseT 


ten 


R. 


vi^wlMtloR  Of  oxides  18  usually  loiposfllble  due  to  the  high  boiling 

^**C^uItdU^speU3l<>n8  of  oxides  tn  air  (smokes,  see  p.  1669) 
.. — iw  are  very  nonuniform  because  of  the  randomness  of  nuclei 
fom^on  [1,  6j.  The  individual  particles  are  usually  glob^ar. 
The  (wmirth  of  particles  from  the  gas  phase  occurs  In  Wo 
™lSm!S  gr^rth,  which  is  exceedingly  rapid  and 
particles  500-1000  A in  diameter.  In  this  stage,  the  on^  i^terial 
Sdensed  is  that  which  finds  itself  within  the  confines  of  a sphere 
of  influence”  of  a nucl&os* 

Secondary  growth,  which  ts  much  slower  and  depends  mainly 
on  the  vapor  pressure  of  the  material  under  the  temperature 
conditions  prevailing  during  growth.  This  stage*  corresponding  to 
the  aging  of  precipitates  under  mother  UquorB*  can  be  suppressed 
by  quenching  of  the  material* 

PaEFARATlON  BY  INTKRFACF]  REACTOIVS 


Under  some  conditions,  the  texture  of  oxide  growth  layers  is 
determined  by  epitaxy  with  the  support.  Such  layers  are  obtained 
by: 

1)  Surface  oxidation  of  metals  and  alloys  (e.g,*  bluing  layers 
by  heat  treatRieni), 

2)  Oxidation  of  metal  layers  deposited  electrolytically  or  from 
a vapor  on  carriers  other  than  the  metal  itself.  Occasionally,  such 
surface  layers  show  oxide  modifications  which  are  not  known  to 
occur  tu  the  pure  material.  In  some  metals  the  colored  layers 
formed  by  strong  oxidation  are  covered  with  needles  or  leaflets 
of  the  oxide  [91,  The  dimensions  of  these  depend  on  the  duration 
and  the  temperature  of  the  oxidation.  The  rough  surface  thus 
produced  may  sometimes  offer  twice  the  normal  specific  surface 


Because  these  processes  are  related  to  catalysis,  they  have 
recently  been  studied  by  many  investigators.  This  is  especially 
true  of  the  initiation  reaction  and  the  process  kinetics  [5^  7], 

fa  view  of  the  enonn^  complexity  of  the  subject,  the  methods 
lor  the  preparation  of  mixed  and  cor  rier-s  up  ported  oxide  catalysts 
c&a  only  be  summarized  here.  They  Include: 

1.  Mecl^lcal  mixing  (dry*  in  an  atmosphere  laden  with  mois  tore , 
wooer  special  in  suspension,  and  so  forth  [lO]). 

eapeciaLly  when  solids  of  definite  composi- 
fldW  Bcluti^  * ^ applicable  to  the  more  rarely  used 

oflto  a carrier  which  is  itself 
^^_^^^^^l^dsorption  of  ions  of  one  component  from  a solution  and  so 


1,  ADSORBENTS  AND  CATALYSTS 


1««P 


The  interaction  of  the  components  of  amixedcatatyet  (promotln 
of  catalytic  activity),  which  In  general  requires  thermal  acUvlatjUli 
for  development  of  the  full  effect.  Is  a very  complex  processt 
occasionally,  it  yields  very  active  and  very  specific  catalysts. 

The  two  special  effects  accompanying  such  an  interactlcn  arst 
1.  Alteration  of  the  semiconductor  properties  of  art  oxide  ly 
inclusion  of  other  oxides  with  different  valences  In  the  crystal 
lattice  [5,16];  this  may  also  alter  the  activation  energy  of  a 
catalytic  process  [Id]. 

Z.  Adaptation  of  valence.  The  metal  in  the  precipitated  oxides 
of  some  transition  metals  adapts  to  the  valence  of  the  metal  In  the 
oxide  carrier.  Thus,  transition  metals  preferably  deposit  on  MgO 
In  divalent  forms  while  on  V’-AlgOa  they  are  trlvalent  and  on  TIO3 
(rutile)  tetravalent  [15],  This  is  because  the  oxide  precipitate  at- 
tempts to  continue  the  crystal  lattice  of  the  carrier. 

Various  methods  are  available  for  shaping  the  oxide  catalysts 
[4].  The  following  methods  are  used  in  laboratories: 

The  materialj  which  may  be  moist  if  requiredi  Is  pressed  into 
a sheet.  After  drying,  it  Is  broken  up  and  sieved.  However,  the 
high  pressure  applied  during  sheet  formii^  produces  a large  de- 
crease in  the  average  pore  size.  This  may  lead  to  a considerable 
reduction  of  the  catalytic  activity  of  such  preparation,  especially 
at  large  reagent  throughputs  (the  diffusion,  which  controls  the 
overall  process  rate,  becomes  hindered  by  the  small  pore  size 
[12]}* 

In  the  second  method  the  dry  powder  is  made  into  a paste  with 
80%  ethanol.  The  paste  is  then  rolled  (without  applying  any  bl^ 
pressure)  Into  a thin  sheet,  which  Is  thenforced  through  a polished 
copper  or  nickel  screen  of  suitable  mesh  size  {1-2  mm.).  After 
drying,  the  granulated  material  may  be  scraped  off  from  the 
verse  side  of  the  screen.  If  the  dilute  ethanol  does  not  yield  stable 
granules,  the  paste  may  be  made  with  a saturated  aqueous  solutlmD^ 
of  the  correspondit^  metal  nitrate.  In  this  case,  the  granules  are 
shaped  as  above,  dried  and  baked  at  20Q-220^C  until  nitrous  fumes 
cease  to  evolve  [13], 
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Alumiitum  Ojc^de 

Depending  on  the  conditions,  certain  aluminum  hydroxides 
yield  active  y -oxides  on  thermal  decomposition*  These  possess 
interesting  adsorptive  and  catalytic  properties. 

1.  aDSORBINC  AGENT 


2Ai(OH),  = Al,Os  + 3HiO 
Lse.o  1D1.9 

An  aluminum  oxide  which  is  especially  suitable  for  use  as  an 
adsorbing  agent  is  obtained  by  heating  aluminuin  hydroxide  gel 
(see  p-  1652)  or  hydrargillite  (see  p*  820;  for  preparation  of  an 
almost  completely  alkali^ free  material  see  [18])  for  several  hoars 
at  250- 300 *C,  The  heating  proceeds  in  vaeuam  or  in  a stream  of 
dry  gaSf  and  is  continued  until  the  concentration  of  the  water 
has  bound  in  the  crystals  decreases  to  6-8  wt,  %, 

mOPEVCttESi 


specific  surface: 

uu  powder  pattern  shown  bohmlte  lines, 

from  that  of 

In.  I / ' ‘ tiisrniotiynamic  potential,  amounting  to  sev- 

eral kcal./mole,  la  due  to  the  large  surface  and  the  defect  lattice 


V.  CATALYSTS 

•t  Pr^ared  by  heating  bydratgllllte 

alummum  oxides  give  less  active  prepara- 
Moos),  the  content  of  water  of  crystalllration  is  1%  or  slightly  less. 


1.  ADsq>RSENT3  ANO  CATALYSTS 


PHOPeRTIES;  ^,..1, 

1 . " 

: ^ y-^-  ■ 

Hygroscopic  powder,  very  atmUar  in  appearance  tijt 
described  adsorption  agent.  The  particles  show  a honeyecwjM^ 
secondary  structure;  the  preparations  show  very  unifmm 
patterns  (according  to  Glemser  [IV],  they  consist  of  c*phaa»)}  ' 
Any  water  adsorbed  during  use  is  incorporated  in  the  form  of 
groups  and  thus  causes  rehydration  J18|. 


a-lron  011}  Oxide 
For  chromatographic  adsorption 


In  the  method  of  Glemser  and  Rieck  [19]  a solution  of  1000  g,  pf 
FetNOa)®  • 9 HgO  (A.R.  or  pure)  in  2.4  liters  of  water  is  added  with 
constant  stirring  to  2.4  liters  of  G%  aqueous  ammonia.  The  pre- 
cipitate is  centrifuged  off  and  washed  with  water  until  the  wash 
liquor  is  free  of  nitrates.  It  Is  then  dried  at  50"C.  After  two 
at  this  temperature  it  is  broken  up  and  freed  of  dust  on  a "013. 
400  standard  screen.  Long  heating  (10-16  hours)  of  this  crud$ 
product  at  high  temperatures  gives  preparations  with  other  ac- 
tivities, The  maximum  activity  is  usually  reached  by  beating  at 
180-220 "C  for  10  hours. 


The  rate  of  dehydration  of  hydroxides  and  hydrated  oxides 
be  varied  within  limits  by  choice  of  suitable  experimental  obndi- 
tlons.  Aside  from  the  obvious  effect  of  temperature,  the  followiii^ 
dehydration  procedures  are  open  to  the  experimenter  and  giyq 
better  products  thandoes  simple  heating  In  open  dishes  or  oruc&lq^. 

1.  Removal  of  the  water  by  means  of  a dry  stream  of  alr>t§,' 

other  gas.  The  dehydrating  action  of  the  various  gases  Is 
specific : hydrogen  is  an  especially  efficient  dety^ating' 

[25], 

2.  Reduction  of  the  vapor  pressure  of  water  in  the  atimdSpiE 
surrounding  the  solid  by  operating  under  vacuum  or  ushag  i 
agents.  If  a drying  agent  is  used,  the  material  may  bb  plhc' 

pistol  Instead  of  a desiccator.  In  this  case, 
be  heated  to  a high  temperature  while  cooling  the  drying 
^gont.  This  produces  a large  water  vapor  pressure  gradient, 
should  be  remembered  that  the  pressure  of  water  in  eqamiihiiQ^ ;; 
With  active  oxides  Is  much  lower  than  tlmt.  ehcofuntered 
librium  with  inactive  materials.  In  many  cases  it  is 
Obtain  completely  dry  oxides  without  reduch^  the 
evel  considerably  below  the  maximum.  ' ' - 


R,  WASN£ff 


Qm  ranurkiible  phenomenoa,  which  has  been  provad  over  and 
tte  fSot  that  dehydrations  of  the  above  ^pe  do  no 
•tbn<  tbe  shape  alwl  siae  of  secondary  partlcloSf 

t^iWAiy  particles  Is  subject  to  sharp  varJati&ns  [22]^ 

In  hydroxides  and  hydrated  o^des  is  often 
quttTSSitive  to  impurities  (!].  To  obtain  reproducible  results, 
«e  stoiild  Always  use  starting  materials  of  the  same  purity. 

Literature  references  for  the  preparation  of  active  metal  oxides 
l)fy  dehydration  of  hydroxides: 


Oxide 

starting  material 

References 

BcO 

a-Be(OH)a  (see  p,  894) 

i&i 

MgO 

Mg(OH)s  (see  p.  912) 

no,  23J 

y-AlaOa 

Al(OK)a,  amorphous  (see 
p.  1652) 

(24,  26] 

Al(OH)a.  hydrargillite 
(see  p.  820) 

[2,  18,  20,  26,  27) 

Al(OH)a , bayerite  (see  p. 
321) 

[4,  18,  20,  27] 

AlOOHj  bohmite  (see  p. 
821) 

(12,  13,  18,  26,  27,  29] 

TiOa 

Hydrated  titanium  (IV)  oxide 

121] 

CrafOa 

Hydrated  chromium  (III)  oxide , 
amorphous  (see  p.  1648) 

[3,  25] 

Ct-Fe^Os 

Hydrated  iron  (HI)  oxide, 
amorphous 

[6,  8,  14,  19,  22] 

y-FfijjOa 

a-FeOOH  (see  p.  14S9) 

fSJ 

y -FeOOH  (see  p,  1500) 

[15,  16) 

NiO 

Nl(OH)a  (see  p.  1549} 

(28) 

ZnO 

^ -Zn(OH)0  (see  p.  1074) 

[51 

CMher  crystalline  hydroxides 

fill 

CdO 

Cd(OH)a  (see  p.  10&7) 

m 
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Mognasiuin  Oxtde  . ^ 

Active  MgO  is  prepared  by  calcination  of  the  basic 
(for  preparation,  see  p.  911).  The  following  particle  slzefs.^^ 
been  observed,  depending  on  the  temperature  and  the 
the  calcination,  [12]*. 


Teuip.  J ' 


Heatipg 

dniSp  hr. 


PWlctfi  sl^  In  A 

DcMrmiiwdby  1 Observe  by 
x-tay  siialystfl^  migrascht^ 

46  ■ a-eo 

SO  , 

30U  ltl00-300y 


WAGNER 


I4M 

ta.  421. 


Zinc  Oxida 

ZnCfOi'SHsO  = ZnCjO.  + 2HiO 

1S9.4 

ZnCiOi  = ZnO  -r  COt  4 CO 
IS3.4 

A soluttoD  of  27*3  g-  oi  anhydrous  ZnCla  is  in  200  ml-  of  water 
aad  2*5  ml,  of  2N  tfCl  Is  prapared.  Another  solution,  containing 
3K3  g*  of  (NH^lgCsO*  ^ H^O  tn  2.0  ml,  of  water  and  2*5  ml.  of  2N 
aqueous  NHa  solution,  ie  prepared  separately*  Both  solutions  are 
heated  to  70*C,  and  the  oxalate  solution  is  then  poured  In  a thin 
stream  into  the  vigorously  stirred  zinc  salt  solution.  The  oxalate 
precipitate  Is  washed  by  decantation  with  water  until  it  is  free  of 
chlorides.  It  is  then  placed  on  a filter  and  dried  by  suction*  The 
ZnCgO*  - 2 HaO  is  then  transferred  to  a flat  pan  which  is  placed 
in  a drying  oven*  The  temperature  is  then  raised  to  240 '*C  over  a 
period  of  6 hours  and  is  then  maintained  at  this  level  for  an  ad- 
ditional 12  hours.  This  treatment  removes  nearly  ail  of  the  water 
of  ciystalUzatlorL  The  anhydrous  oxalate  is  then  converted  to 
ZnO  by  heating  at  400*C  for  4 hours* 

PROPERTEESt 

Fine*  white  powder;  untamped  hulk  density  (pouring  into  a 
^Under)  0.85  g./ ml.  The  pr  imary  partic  les , whose  lattice  still  con- 
wins  defects,  axe  larger  than  500  A IIB]. 

GDIEJUL: 


exhibiting  low  basicity  may  be  obtained  by 
ttora^decompositton  of  their  salts  with  volatile  or  readily 

include  nitrates,  carbonates,  for- 
itAs^jwuuLuci  1 ^ order  to  obtain  active  preparations,  the 

coniWioiB  should  be  as  mild  aspos7ible.  The  de- 

vSlra  ^ vacuum  than  in  air,  so  that  the 

f^mel  An  evM  Atmh  lower  (for  the  same  yield  per  unit 

tbntm  ewrted  br  an  on  the  reaction  rate  is  some- 

gaseous  atmosphere  (see  below). 
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im 

NfTRATES  . ! 

Hydrates  of  most  heavy  metal  nitrates  have  lo<v  meltlj^ 

ThtiSi  oil  heating,  they  liquefy,  decompoae  and  leave  sluteMid  Or 
foamed  oxides  of  low  surface  area.  The  product  may 
be  improved  hy  starting  with  lower  hydrates  or  basic  nltrafes. 
Nitrate  decomposition  la  Important  primarily  In  the  prodnctloa  ot 
Q^^rier  substances* 

In  compounds  possessing  several  oxidation  stages  (e.g.,  fllewMwtfat 
of  the  manganese  series),  nitrate  decomposition  always  yields 
the  highest  oxide  possible  at  the  given  reaction  temperature, 

CARBONATES 


Vacuum  decomposition  of  carbonates  is  often  used  to  obtain 
metal  oxides  where  the  metal  Is  at  the  oxidation  stage  corresponding 
to  that  in  the  starting  carbonate.  However,  with  air  p(re8ent,  at 
least  partial  oxidation  is  possible,  sometimes  even  after  the  mate- 
rial has  been  cooled  to  room  temperature.  In  addition  to  carbonates 
and  their  hydrates,  as  well  as  basic  carbonates,  this  method  is 
suitable  for  the  decomposition  of  double  carbonates  where  am- 
monium is  one  of  the  cations  [for  example,  MgCOg  > (KH  4)3003  • 
4 H;;0],  When  the  conditions  are  mild,  very  fine  oxide  powders  are 
frequently  obtained. 

The  decompositian  of  magnesite  has  been  studied  very  thoroughly 
and  proves  to  follow  2/3  order  kinetics  (see  p,  1657  and  [IT,  21]), 
The  effect  of  a gaseous  atmosphere  on  the  kinetics  of  this  reaction 
consists  mainly  In  the  change  in  the  activation  energy  for  de- 
composition which  it  causes  [8,  9], 


Atmosphere 

Dry  air 

Vacuum  Ha  Moist  air 

H3O 

Activation  energy 
in  kcaU/moie 

42,15 

36,13  27.89  27.22 

26,.7$ 

The  preparative  decomposition  of  magnesite  may  be  carrled^i^  . 
even  at  SOO'C  when  a suitable  atmosphere,  e.g„  air  contalhi^^^p.. 
and  NHg  at  a total  partial  pressure  of  40  nun.,  is  provided 
The  gaseous  atmosphere  over  the  preparation  also 
particle  size  of  the  nascent  solid  phase.  Thus,  given 
Composition  temperatures,  the  particle  size  of  MgO  ory®^^ 
formed  from  magnesite  will  decrease  with  decrease  of  th? 
preaeuie  during  the  decomposition  [10],  y 


^ 4, ; .'■li 


f'OilMATES  and  OXALATES  ' 

The  nature  of  the  thennsd 
Oxalates  I3  not  uniformly  the  same.  Depending  on  the  basicity  t>f 


im 


j *1.  tn  which  It  approaches  th&  noble  metals, 

*“?nhSrt*^lrlSes^  oxides  or  the  metale  themselves,  pro- 
m*y  ob^fi  carbOMtes,  OHO  prevented  (the  production 

S^wTlrduTto  reductton  by  the  organic  ‘^eir 

“ oietMs  IS Acoordinff  to  presently  available  data, 

cTfashion.  As  far  as  Js  known,  the  composition  of  products  ob- 
2i«d  orvacmim  decomposition  ts  identical  to  that  of  the  pnmai^ 
jTiJSfcts  of  decomposition  Sn  air.  The  following  data  are  available 
on  some  oi  the  divalent  m&tals : 


Formate  or 
oxalate  of 

Decomposition  products  in 
vacuum  and  primary 
products  of  decom- 
position in  air 

Terminal  products  of 
decomposition  In 
air 

Mg* 

MgO 

MgO 

Mn 

MnO 

Higher  oxides 

Fe 

FeO 

a--  and  y-Fe^Oa 

Co 

Co 

Higher  oxides 

Hi 

Ni 

NiOi+x 

Cu 

' Cu 

CuO 

Zn 

; ZnO 

ZnO 

*At  the  mild  decomposition  temperatures  assumed  in  this  table, 
the  salts  of  the  heavier  alkaline  earths  always  produce  carbonates. 


Under  certain  decomposition  conditions,  Cd  and  Pb  (U)  oxalates 
give  a mixture  of  oxide  and  metal  [6>  11>  15]*  In  contrast  to  the 
corresponding  formates,  the  oxalates  of  the  metals  mentioned  here 
are  rather  insoluble  in  water;  in  general,  they  are  readily  obtained 
hy  precipitation,  which  usually  gives  a fine  powder  well  suited 
as  a starting  material  for  decomposition*  Provided  the  solvent  is 
cautlousiy  removed,  hydrated  or  solvated  compounds  also  yield 
suitable  starting  materials,,  and  decomposition  of  these  gives 
products  with  high  activities. 


Ultrarrucroscoplo  and  x^ray  studies  show  that  oxides  obtained 
om  cartenates  and  oxalates  at  low  decomposition  temperatures 
fio  With  the  crystals  of  the  starting  material 

volume  of  the  new  substance  is  as  a 

Darticles  **’®  sorting  material,  the 

£ is,  provided 

o **^®^*^™  temperature  T/T„  < I/3  (compare 

^ temperature  is  higher.  ^greSite 

““  increasing  degree  [l^fei^ept 

|M«er>  U heated  for  such  a short  time  that  only  the  desired 
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reaction  occurs  and  no  time  is  left  for  ttae  material  to  ■ 

aggregation  fSO]*  Fa&t  cooling  from  the  decomposltionteinpttiFatw*«^  ' 
may  help  in  this  case.  - - 

The  following  are  literature  references  for  the  prepaxatloit^f 
active  oxides  by  thermal  decomposition  of  suitable  compounds; 


Preparation  i 

Formation  from 

Nitrate 

1 Carbonate 

Formate 

Oxalate  ^ 

BeO 

See  p.  893 

MgO 

[3,  7.  22] 

£25] 

[16,  23>^ 

Mn  oxides 

[9];  see  p* 

See  p.  1456 

[251 

[23];  see  p-. 

145a 

1456 

Fe  oxides 

[5] 

(6i  23];  see 

p.  1497 ' 

Co  oxides 

See  p*  1519 

[25] 

[231 

Ni  oxides 

[14,  26];  see 

[14,  24] ; see  I 

[25] 

[Ip  23} 

p.  1548 

p.  1548  ! 

CuO 

[24]  i see  p. 

£25] 

1012 

ZnO 

[IS] 

[18,  27] 

[25]  1 

[18,  23] 

CdO 

[25J  1 

[11,  15) 

ThOg 

See  p.  1221 

[2, 13);  see 

-i 

p.  1221 
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Uqd  (IV)  Oxide 

Pb{CHBCOO)i  ^ 2HiO  ^ PbOf  + 4CHiCOOH 
44^4  339.^ 

The  instructions  given  on  p.  767  are  used  to  prepare  50  g*  of 
Pb(C&C00)4,  The  material  is  then  crushed  and  triturated  with 
460  ml*  of  water  in  centrifuge  tubes  until  all  tetraacetate  is  con^ 
verted  to  brown  PbO^-  The  fine  suspension  is  then  centrifuged* 
The  deposit  is  stirred  four  times  with  water  (500  ml.  each  tiine}^ 
the  suapenslon  Is  centrifuged  each  time  before  decanting 
the  liquid  The  last  wash  water  should  not  be  acid-  The  PbOa  is 
then  suspended  in  50  mL  of  water*  filtered  with  suction  ^ and  washed 
on  the  Alter  with  50  ml,  of  water.  Then  the  material  is  washed  on 
the  funnel  with  four  25- ml,  portions  of  acetone  to  displace  the  water# 
The  acetone  ie  then  displaced  by  washing  with  four  2 5-- ml*  portions 
of  ether*  This  imparts  the  final  color  to  the  material-  The  product 
is  immediately  placed  in  a vacuum  desiccator  [S]* 

PROPBUTffiS: 

Very  fine,  dense  powder  with  a light  brown*  coffeelUi^  color; 

to  give  chlorine*  Its  physical  state*  ebarac- 
tmzed  by  small  particle  size*  lattice  defects  and  occlusions  of 
admixtures  wMch  prove  to  be  amorphous  and  on  x-ray  analysis 
"l****^*^f|^^*?^  ultramicroscope  [6],  causes  an  extra* 

high  ctomical  activUy,  Especially  useful  in  dehydrogena- 
noa  01  aromatic  dligrdrojgr  compounds  to  the  corresponding 


1,  ADSORQENTS  ANQ  CA^AUVSTS 


quinones^  Pure  preparations  age  with  release  of  " 

activity  (5%  in  15  hoiira,  8-11%  in  7 days).  ' ' 

GENKRAI.: 

Spontaneous  dehydration  of  hydroxides  is  oocaslonaUy  altfe 
observed  in  precipitations  with  alkali  t^droxide  solutions. 
method  is  especially  useful  in  preparation  of  CuO  {2,  7],  ZnO  (3J 
and  AgsO  [4].  The  products  thus  obtained  are  usually  fine  powders 
and  quite  frequently  contain  occluded  admixtures  which  prov^ 
amorphous  on  x-ray  analysis.  The  rate  of  dehydration  depends  cm 
the  particle  size  of  the  precipitated  hydroxide  and  on  the  possibly 
formation  of  intermediate  basic  salts.  The  tatter  may  inhibit  the 
dehydration  to  a considerable  extent.  An  especially  useful  starting 
material  for  preparation  of  CuO  is  Cu(NOa)a  [1], 
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Colloidal  Suspensions  of  Oxides  in  Gases  (Smokes) 

Oxides  of  especially  small  particle  slse  (smokes)  may  be 
obtained  under  appropriate  reaction  conditions.  Such  reactions 
are  nearly  always  described  in  conjunction  with  special  investiga- 
tions where  only  very  small  amounts  of  compound  are  neoessary.. 
Only  occasional  literature  references  to  work  on  a prepkirktly^. 
scale  are  available.  However,  these  may  be  supplem©!p|^>^ 
data  and  descriptions  from  the  patent  literature,  since 
smokes  are  prepared  on  an  Industrial  scale.  The  folio 
are  the  most  useful  for  generation  of  oxide  smokes: 

1)  Burning  of  the  motaJ  (e.g.,  Zu,Cdand  so  forth);  however* 

this  procedure  frequently  converts  only  part  of  the  oxide 
desired  colloidal  (smoke)  dispersion,  ’ - ;; 

2)  Oxidotionof  a meial  volatilized  in  an  electric  arj& 
simple  method  is  frequently’  used  to  demonstrate 
phenomenon.  The  procedure  consists  of  striking  ah  arfe  'fefffSSr'  ' 


frwo  *l*ctrod<B  made 

SSJ.  “t?.y  a»au"duo  to  the  high  thermU  conductivity  of  the 

electrodes  and  *•»  frequent  In^he  apparatus  developed 

A touch  falser  efficiency  ^^prS£g  an  arc  fumaoe 

hy  V.  electro^  an  indentation 

with  TOrtical  electrodes,  ^ struck  between  the 

for  the  metal  to  be  ^iiactrode  Usually  the  vaporization 

«d  the  top  ^<ele.  Tteoptlmuni 

p«e«dh  eery 

tolfecSS.  very  eetoewhet  from  to.1.1  to  ntotel. 


Fig*  340-  Preparation  of  active  metal  oxides  by  oxida- 
tion of  metal  vapor,  o funnel  for  additlonof  metals  b ob- 
servation port;  c side  port;  d circular  nozzle  for  air 
intake;  e first  chamber  with  lateral  observation  ports 
(these  are  not  shown);  { illuminating  device;  g glass 
tubes  {the  remaining  parts  of  the  apparatus  axe  made 
from  sheet  iron);  h carbon  electrodes;  i flow  meter 
activated  by  di&reiiitial  pressure;  n precipitation  ceil; 

$ movable  carbon  electrode* 

a>  Thermal  ar  photocbemical  decemposifion  of  volatUlaed 
Metal  eompoioidB  ta  the  preaence  of  ojg^en.  Metal  comjxHmdB  that 
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aTO  us&ble  in  such  reactions  are  carbonyls  awil 
hydrides  or  organometalllc  compounds,  for  exampl#, 
metals.  To  avoid  explosions,  the  reaction  must  bs  oi 
out  at  very  low  pressures  or  the  partial  pressure  dC' tl«ir 
reagents  must  be  reduced  by  appropriate  dilution  with  ' 

gas.  The  reactions  may  be  carried  out  either  in  closed  systfepqtSI 
[4,  IQ]  or  in  a gas  stream  [11].  The  condnuous  apparatus  iS'ifliOfnt. 
in  Fig.  338, 

The  decomposition  of  Fe{CO)g  has  been  Investigated 
thoroughly.  It  was  found  that  it  oxldiaes  according  to  the  foilowtng 
equation: 


4 Fe(CO),  ^2?’  2 Fe,o,  + xCO*  + yCO 
7r3S,6  319,4 


Low  Os  concentrations  in  the  starting  mixture,  high  te^nperji- 
tures  and  short  reaction  times  give  thoroughly  crystalline y-Fea^J 
this  material  gives  sharp  powder  patterns.  Lower  decomposiUoo 
temperatures  and  higher  o?cygea  partial  preeauree  prodi^^ 
smaller  smoke  particles;  however,  the  particles  show  ppwder 
patterns  which  are  less  distinct  fll].  Similar  Investigations  have 
also  been  carried  out  on  the  decomposition  of  Pb(CH^)4  {6J- 

4)  Decomposition  of  holide  vdpors*  Headlly  vaporised  hajldeef 
especially  the  chlorides  of  elements  such  as  Al,  Si»  Ti,  Zr,  Sii  a^ 
so  forth,  may  also  be  converted  to  oxides  In  the  gas  phase,.Th^ 
may  be  done  in  either  of  the  following  ways:  ^ ^ 

a)  Saturation  of  a stream  of  an  inert  gas  with  the  chlor^e, 
followed  by  reaction  with  steam.  External  heating  Is  re^uir^ 
in  this  case, 

b)  Combustion  of  the  chloride  together  with  hydrogen  or  wtto  ^ 

combustible  gas  which  contains  bound  hydrogen,  e,g,:  , ■ 


, , . f ^ . ■ OJ  *.1- 

2 SiCU  -h  2CH^  2SiOt  + 8HC1  + xCO*  + yCO 

&M,8  3S.1  12011 


The  BBcond  gas  may  preheated  cr  the  combustion  ' 

be  diluted  with  on  inert  gae  (to  avoid  exoeesfve  tempe^Ffttii^^^''^ 
depending  on  circumstances. 

Under  suitable  reaction  conditions  this  procediEre''yteJ9^ 
tremely  fine  oxide  powders  which  are  used  industrially  as  act, ^ 
T'*ite  fillers  [2.  7], 

Some  difficulties  in  the  preparation  of  cudde  smokes  '< 
the  separation  and  collection  of  the  smoke-  ptoticlba^'^ 

Paratus  of  Kohlschiitter  solves  the  prdbleni'-  perHhBE?* 

^ dust  collector  and  a CotteeU-  precipfteibrv,**jSoW^lr^ 
are  still  heavy  due  to  elutriatiori  of’  the  smilleat 


WAGNER 


Tto  <Ulo.l.«  .«  IK«r.h«  re«e..|»«  i»  0»  p«p.r«ton  of 
Mtde  smotes  from  metals  or  carbonyls- 
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Copper-Chromtum  Oxide 


(NH,),Ci.Of  + 4NH,  + 3H,0  + 2Cu(NOj)t  = 2Cu{OH)NH,CrO, 

(a  H.C) 

68!  <83.3 

+ 4NH*NOj 

2Cu(OH)NH4CfO<  = CuO  + CuCrjO,  + S HjO  4-  N, 

79.B 


s^utloa  of  126  g,  of  A*R*  in  600  ml,  of  water  is 

Ihre^ed,  and  150  ml,  of  28%  aqueous  ammonia  is  added  to  it.  This 
^ stream  into  a warm  (50-60*0)  solution 
1.^11^*  * 3 HaO  in  800  ml.  of  water  while  stirring 

S^ttr^  fjf  ^*‘Wmh-broum  precipitate  of  Cu(0H)NH*Cr04  £31 
I^wTa.  ^ t fftw  minutes  and  then  filtered  on  a 

PtoCH  and  heated  ^fni^  ^ broken  up  Into  coarse 

P and  heated  in  a covered  nickel  or  porcelain  dish  in  a muffle 
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furnace  (350-450  “C,  one  hour)*  The  product  (CiiO  4^  CiiCr^O^ 
[10*  11]  is  ground  in  a mortar  and  suspended  three  ttm«9  lA 
acetic  acid  (1,2  liters  each  time);  the  product  le  settled  sjul 
liquid  decanted  after  each  washing*  This  renaoves  the  CuO*  TK# 
residue  is  washed  four  times  with  water  in  the  same  nuamer^ 
filtered  with  suction^  dried  at  llO^C  and  grounds  After  the  lailt 
washing  the  precipitate  sometimes  settles  only  with  difficulty 
to  partial  peptization  [8], 

After  this  treatment,  the  catalyst  may  still  contain  an  excess 
of  CuO;  the  latter  may  convert  during  use  to  CuaO  {9],  whldh 
decreases  the  catalytic  activity*  The  deactivation  of  the  catUyst 
much  less  likely  if  24  g*  of  the  Cu(NOa)^  * 3 HgO  in  the  initial 
charge  is  replaced  by  26  g.  of  Ba(NOa)^*  The  Ba  appears  In  the 
product  catalyst  as  BaCrO^  [llj*  Equivalent  quantities  of  Mg,  Ca, 

Mn  (II)  or  Zn  nitrates  may  be  used  instead  of  the  BafNOg)^ 

PROPS  RT  IBS; 

Fine  black  powder;  completely  stable  in  atmospheric  oxygcm 
and  moisture.  Active  catalyst  for  the  hydrogenation  of  organic 
hetero  compounds  containing  multiple  bonds  [1,  6], 

GENERAL; 

Even  the  simple  ammonium  chromates  can  undergo  thermal 
decomposition  [4,  6,  7^  12]  which  yields  very  active  Cr  (lH)  oxides 
on  decomposition  in  the  air.  Partial  formation  of  higher  chromiimi 
oxides  is  observed  at  reduced  pressures  [6J*  Since  these  de- 
composition reactions  release  a considerable  quantity  of  heatj  they 
must  be  carried  out  in  thin  layers  (flat  dish^);  the  mildest  con- 
ditioRs  are  obtained  if  only  one  spot  in  the  dish  is  heated  at  a time 
and  that  spot  is  pushed  onto  a cold  surface  as  soon  as  the  materlid 
starts  to  react*  The  thermal  decomposition  of  NH^MhOa  In  sto 
leads  to  explosions;  vacuum  decomposition  yields,  apart 
NH4NO3,  manganese  oxides  [Mn  (III)-Mr  (IV)],  which  are  pseudo^ 
niorphous  to  the  starting  crystals  {2]*  . ^ 

The  above  method  is  also  useful  for  the  production  of  other 
mixed  oxides  where  chromium  oxide  Is  a constituent,  e*g,,  . 

2n-Cr  oxide  [13]*  f ■ 

. ...  .. 
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Hopkallls  (Hopcalite) 


HOPKALITF.  t 

Bopkalite  I Is  a mixture  of  50%  MnO,  30%  CuO,  15%  C02Os  and 
5%  AgaO  [91-  Its  constituents  are  prepared  as  follows: 

a)  Manganese  dioxide  [2^  5J 

2KMaO*  -h  5H,SOg  = X^SO*  + 2MTi(SO,)f  ~h  SH#0  h V/^Oi 
jiai 


2Mn(50*Ji  + 4HtO  = 2 MnO,  4H.SO4 

i73.9 

CoJd  76%  sulfuric  acid  (6&0  g*)  is  poured  over  100  g*  of  fine 
KMnO.%  powder;  the  mixture  is  left  standing  for  several  days. 
During  this  timoj  the  mitialiy  separating  HMnO^  decomposes  with 
evolution  of  oxygen,  leaving  a dark  yellow  Mn(lV)  solution*  This  is 
added  to  a large  excess  of  water;  a veiy  fine  powder  of  hydrated 
MnO^  separates  out.  This  powder  is  washed  several  times  by 
^cMtation  with  water.  The  washing  is  continued  on  a funnel  until 
the  filtrate  is  free  of  sulfate* 

A wiefftocf:  Heduotion  of  permanganate  by  Mn  (fl)  salts 

4,  13]. 

ta)  Copi»ftr  0«ide  [9]  (eee  also  [61): 


CuSO*  + 2tJaOH  CuO  + NaiSOj  + HjO 
(SH.O] 

®i*-7  mjo  ma 

^ • S HsO  In  300  ml.  of  water  Is 

to  alw*M-c  IS  preheated 

w «NW  80  c.  The  mixture  la  etirred  for  a few  minutes;  during 
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ibia  time,  2N  HsSO^  is  added  until  tbe  solution,  whlob  oontoiwtlijt  . : 
CuO  in  suspension,  becomes  neutral  (about  IS  mi,  of  th#  tfOkMlI 
required).  The  mixture  is  allowed  to  settle  and  washed  In  tiw 
same  way  as  the  MnOg  (see  above). 

c)  Cobalt  (HI)  oxide  [S] 


2CoSOj  + 4NaOH  + MaOCl  = Oi.O*  + 2Na,SO*  + NaQ 
(7  H,0) 

SS2.2  1B0.D  ie!i.9 


A solution  of  56.2  g.  of  CoSO^^  ■ ? HgO  In  200  ml.  of  water  Is 
mixed  at  room  temperature  with  a slight  excess  of 
alkaline  hypochlorite  solution.  As  soon  as  gas  evolution  OQtmes  to 
a virtual  stop,  the  solution  is  decanted  from  the  Immediately 
pearing  dense  black  precipitate,  which  catalyzes  the  decoaqpositfiw 
of  excess  hypochlorite.  Tbe  washing  procedure  is  the  same  as 
MnOs, 

The  oxides  prepared  as  in  (a),  (b)and(c)  are  suspended  fn  abqu^ 
1.5  liters  of  water.  This  suspension  Is  then  mixed  with  a Bqinttoii 
of  6,07  g.  of  AgNOs  in  the  minimum  amount  of  water,  and  the  Ag^ 
is  precipitated  by  addition  of  23.8  ml.  of  2H  NaOH  (intensive 
ring).  Further  treatment  is  given  under  Hopkaltte  H. 


HOPKALITE II 


Hopkalite  II  consists  of  60%  MnO^  and  40%  CuO  (the  MnOstCuO 
molar  ratio  Is  1,375).  The  catalyst  may  be  prepared  by  mixing  the 
separately  prepared  components  [10]  or  by  mixed  preclfdtation. 
([13];  see  also  [11]). 

a)  MnSO,  + 2NaOH  + V*0*  = MnO*  + Na,SO,  RjQ  i4J 
(4H,0) 

223.1  80-0  SS.0  . 

b)  CuSO,  + 2NaOH  = CaO  + NatSOi  + H,0  . 

248.1  BO.O  70.0  ; _ i 

The  reactor  Is  a three- liter  Erlenmoyer  flask,  in  whle^4.^^  ;; 
of  MnSO^  • 4 HaO  and  125  g.  of  CUSO4  • 5 HaO  are  dis'So^h^l^. > 
1.5  liters  of  hot  (70-SQ'’C)  water.  A fast  stream 
bubbled  through  the  hot  solution  and  400  ml.  of  25%  NaOH  is 
(vigorous  shaking)  from  a dropping  funnel.  The  passage  of  Air  to  ; 
continued  for  another  10  minutes.  The  prec^itate  is  then  wasbAd 
several  times  by  decantation  with  hot  water.  Then  wsashhaj^  / ■ 
Mutinued  on  a filter  imtil  the  wash  liquor  is  neutral.  The 
is  suction-dried  (the  water  should  be  removed^  as 
possible  by  repeated  pressing).  After  the  ty-proddct  itne'-potro^  ' 


UK 


R, 


tas  be«B  slaved  out,  the  product  is  granulated  by  heating  for 
3 hours  «t  20Q**C. 


mOPGttnES; 

Brownish-black  granules,  which  must  be  stored  under  anhydrous 
conditions.  Catalyzes  the  combustion  of  CO  at  room  temperature, 
used  in.  gas-mask  cartridges* 


t^ES^ERALi 

The  methods  of  preparation  described  above  consist  of  pre- 
cipitation  immediately  followed  by  a reaction  of  the  precipitated 
product  (dehydration,  oxidation).  The  oxidation  is  a topochemical 
reaction  yielding  products  with  defect  structures.  The  fuU  activity 
of  auch  a multiple-compound  catalyst  can  frequently  be  developed 
only  after  an  aging  process  called  forming.  To  strengthen  the  struc- 
ture of  the  catalyst  granules  (which  at  the  same  time  increases  the 
accessibility  of  their  internal  surfaces  to  gases),  rather  large 
amounts  (up  to  50%  and  more)  of  kieselgur  may  be  added  to  the 
catalyst  (as,  for  Instance,  in  the  Fischer- Tropsch  catalysts). 
Some  other  oxidation  catalysts  based  on  metal  oxides  have  been 
described  in  the  literature;  j^^aO-Cu^O  17];  AggO-CrgOa  fl2J  and 
MfiOg-CuO-CoxOjr  [3J. 
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Hydmxtf  Salts 

R.  SCHOLOeit 


General 


“Hydroxo  ealt"  Is  the  term  used  for  a group  of  complexes  w'hero 
the  central  atom  of  the  complex  anion  Is  a metal  to  which  hydrotiQri 
lens  are  bound  as  ligands.  The  number  of  these  Ions  depends  on 
normal  coordination  number  of  the  metal.  The  cation  of  a l^droxo 
salt  is  usually  an  allicall  metals  particularly  sodium,  or  the  nllMitiwfe 
earth  metals  barium,  strontium  and.  In  some  cases,  calciinii. 
Heavy-metal  salts  can  be  prepared  from  a few  tqrdToxo  anions  via 
a double  decomposition  reaction. 

tfydroxo  salts  correspond  closely  to  tlie  well-known  halo  salts 
In  their  formula  type  and  structure.  Accordingly,  mixed  halo^ 
hydroxo  salts  of  a number  of  metals  can  be  prepared.  At  ele^ 
vated  temperature,  hydroxo  salts  can  be  converted  into  oxo 
salts,  provided  it  is  feasible  to  prepare  the  latter  from  a metal 
hydroxide  (the  central  atom)  and  an  alkali  or  alkaline  earth  metal 
hydroxide.  In  numerous  systems,  however,  such  oxometalates  can 
be  obtained  only  from  oxides.  In  some  cases,  oxohydroKo  salts 
are  also  formed  as  intermediates. 

Complex  hydroxometal  anions  are  formed  fn  solution  via  ^ 
following  equilibrium  reaction; 


lM(OH)j  ^ K«»t+)  + X OH-] 

+ yOH'+U:  [M(OH),Hy-«>  M " “ 

The  reagents  are  strong  bases  andpoorly  soluble  metal  hydroi^j^ 
Ib  the  above  equations,  the  metal  hydroxides  function  as 
hi  agreement  with  the  modern  theory  of  their  ampbofeaS^jB^ 
havior.  As  far  as  is  presently  known,  the  following  metals  (arrSh^^ 
in  order  of  increasing  valence)  form  hydroxo  salts; 


M(ID:  Be,  Mg,  Sn,  Pb,  Mn,  pe,  Co,  Ni,  pu,  Zn,  Cd 

M(H1):  Al,  Ga,  hi,  Bl,  Cr,  Mn,  Fe 
M(IV):  Sn.  Pb,  Pt  ' 

M(V>;  Sb  ’ 


I«T« 
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Tte  eouiUbrlum  distribution  is  of  controlling  Importance  m 
fbe  pwMrallon  of  crystalline  alkali  hydroxometalates.  Most 
alkaJl  salts  in  particular,  rapidly  decompose  into 
to  0.rpn,«»^  of  H,0  dilute  ultali  hydrted^. 
OtoijT  tkfl  hexftlyreiroxo  salts  of  Sn  (IV\  Pt  (IV)  ( ) sao  ve 

ijx  HaQ  room  tcmpera^tuxe  without  decomposition,  whereas 
Stet  alkali  hydroxometalatea  are  stable  ordy  when  they  coi^tj  ute 
the  solid  phase  in  the  presence  of  (usually  very  concentrated) 
altolt  iwdri^de  solution.  The  alkaline  earth  hydroxometalates 
are  relatively  sparingly  soluble  and  hence  are  stable  in  dilute 
hydroxide;  the  compound  Ca[Zn(OH)a]s  ‘ 2 HgO  is  stable  even  in 
water*  The  e^wlllbriiim  shifts  toward  the  reagents  with  tempera- 


Uetal  oxide— sodium  oxide— water  systems  at  constant  tern 
perature  exhibit  the  same  general  behavior  regardless  of  the 
particular  compounds  involved  (see  Fig*  341),  Thus*  with  In- 
creasing alkali  hydroxide  concentration,  the  solubility  at  first 
Increases  to  a maximum  and  then  decreases  sharply*  The  rising 
branch  of  the  curve  corresponds  to  solid  or  MOn  while 

the  decreasing  branch  corresponds  to  sodium  hydroxometalate* 
whose  solubility  Is  sharply  reduced  as  the  NaOH  concentration 
increases* 


Fig*  341,  Solubility  of  the  system  metal 
oxide- sodium  oxide- water  as  a function  of 
sodium  hydroxide  concentration. 


aj^rlmental  fact  that  the  sodium  hydroxide  concentration 
at  the  solubility  maximum  is  usually  over  30%  indicates  that  highly 
WDMntrat^  <^ually  45-50%)  NlOK  Is  required  for  the  preparation 

^ necessary  to  ensure 
We  van,  most  alkaline  earth  hydroxometalates  can 
beprepar^  from  more  dilute  NaOH  solutions. 

nnt  picroeTystallhie  solid  phase  on  a clay  dish  does 

STlJf separation  from  the  residual  mother  liquor, 
be  separated  alltali  hydroxometaUtes  can 

brief  wftt)  ^ lather  liquor  much  more  efficiently  by 

Sto  ^ alkallneTra 

email  anwont^^aOH.  methanol,  possibly  containing  a 


2.  HYORDXO  SALTS 


Several  types  of  hydroxo  salts  of  some  di-  and  trlvalent  fihilSbSy  VI 
can  be  prepared  just  as  in  the  case  of  halo  salted  Tbeee 
In  the  mimber  of  coordinated  OH“  lons^  The  number  of 

depends  on  the  concentration  and  temper  ature  of  the  alkali 

Among  the  less  stable  alkali  hydroxometalatest  it  ts  often  dUff  . 
the  Na  salt,  but  not  the  K salt,  that  can  be  prepared*  This  te  due 
to  the  unusually  high  solubility  of  the  corresponding  K saltd*  Itt 
fact,  the  precipitation  of  the  latter  even  from  highly  concentratbd 
hydroxide  solutions  is  often  Impossible  without  simultAueoit^ 
crystallisation  of  KOH-  The  rather  sparingly  soluble  Ba  and^ 
salts  can  be  precipitated  froim  the  metal  hydroxide  or 
solutions  by  addition  of  Ba®  or  Sr®"^*  The  alkaline  earth 
can  be  obtained  more  conveniently  by  simultaneous  dropwieli 
addition,  in  proper  ratios,  of  concentrated  solutions  of  the  per- 
chlorates of  the  central  metal  atom  and  of  the  alkaline  earth  metal 
to  hotj  moderately  concentrated  sodium  hydroxide  (st>dium  peir- 
chiorate  is  much  more  readily  soluble  in  strong  sodium  1^- 
droxide  than  is  NaCl)*  The  free  hydroxo  acids,  which  should 
exist  as  well-defined  higher  hydrates  of  the  metal  oxides, 
not  known,  the  exception  being  hexahydroxoplatinlc  (IV)  acid> 
H3(Pt(OH)Gj- 

In  some  cases  the  fact  that  the  hydroxometalates  are  chcmlcsd 
complexes  is  indicated  by  the  color  of  the  salts  and  of  thet^' 
solutions*  The  proof  of  structure  is  based  on  their  thermal  dfe- 
hydration  curve,  their  ability  to  form  mixed  halo-hydroxo  aalts; 
data  on  isomorphic  relations^  and  some  powder  pattern  studies. 


Handling  of  Concentrated  Alkali  Hydroxides 
STARTOC  MATERI  ALS 

Veiy  pure  or  reagent  grade  {97-98%)  NaOH  pellets  and  a elmilai 
grade  of  potassium  hydroxide  (contaitdag  an  average  of  85%^cl  . 
KOH,  the  remainder  being  HgO)  are  used.  . , 

CONTAINER  MATERIALS  ^ 

Chemical  glassware  Is  stifficlectly  resistant  to  oohcentrill^.v:.'. 
aUtall  hydroxide  solutions  at  room  temperature  that 
^ed  Mdtbout  adversely  affecting  the  purity  of  the  producfeC  ^ 
*ver,  hot,  concentrated  alkali  hydroxide  solutions  attack  Jtjgr 
glass  so  strongly  that  the  latter  can  be  used  at  high  temperate#'^  . 
^ly  for  short  periods  of  time,  If  at  all.  Such  experimehte 
therefore  be  run  in  refined  silver  containers',  'which  reel&t 
concentrated  boiling  alkali  hydroxide  solution^."' 
containers  are  also  suitable,  they  are  not  cheaper  than 
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F1LT»»S 

Fritted  Pyrex  rfiss  of  medium  and  high  porosity  is  sultalrie. 

Ute  may  be  limited  In  repented  ase  ^ filtering  hot 
SSrSdJSdde  solutions.  When  filtering  very  hot  and  concen^ 
SSu^hydroxlde  solutions,  the  glass  suction  funnel  sho^ 
be  wTumed  with  ^ strong  oloth  so  as  to  reduce  as  much  as  pos 
SwrSTSver-present  danger  of  sudden 

is  real  even  with  infrequently  used  filters).  To  prevent  solidi- 
fication of  solutions  containing  more  than  6096  uring 

fittration,  the  glass  suction  funnel  is  surrounded  with  a sheet 
metal  Jacket  containing  hot  glycerol.  When  such  solutions  are 
boiled  In  a flask,  the  rubber  stopper  must  be  protected  with  an 

asbestos  liner,  , ,,  , , . , 

Even  though  filter  plates  made  of  ecrtaiji  plastics  resist  hot 

concentrated  alkali  hydroxide  solutions,  we  have  not  yet  tested 
thfin  sufficiently  to  recommend  them  for  laboratory  use, 

CABBONATK-PREIE  SODiUM  HYDROXIDE 


A S0%  sodium  hydroxide  solution  is  prepared  from  the  cal- 
ciliated  amount  of  commercial  NaOfl  in  a silver  flask.  To  pre- 
vent  the  occasional  nuisance  of  the  NaOH  sticking  to  the  bottom, 
the  fla?k  la  vigorously  shakenr  solution  is  promoted  by  the  strong, 
spontaneous  beat  evolution^  However,  external  beating  should 
be  avoided  because  of  the  danger  that  the  hot  caustic  solution  will 
bump  and  spill  out  of  the  flask*  a danger  not  obviated  by  the 
presence  of  a reflux  condenser  on  the  flask-  The  50%  hydroxide 
solution  is  allowed  to  cool  slowly  and^  if  possible,  to  stand  at 
room  temperature  for  2-3  days.  The  precipitated  Na2C03  Is  then 
filtered  off  on  glass  frit  of  small  pore  size  (rigorous  exclusion 
of  air).  The  completely  clear  filtrate  is  virtually  car bonate '-free. 
To  avoid  Mfaiting  for  precipitation  of  the  carbonate,  one  can  add 
1.-2  g*  of  Ba(0H)3  per  100  mi-  of  hot,  50%  sodium  hydroxide;  the 
mixture  may  then  be  filtered  immediately  after  cooling  to  room 
temperature- 


Sodium  hydroxide  solutions  of  lower  concentration  can  be 
pr^^ed  dilution  of  the  60%  solution  w^th  boiled  KaO-  He- 

^ solution  containing  more  than  50% 
of  KaOH.  40-60*C  to  prevent  crystallization 

solutions  may  also  be  prepared  by  distilling  the 
^omxt  of  water  from  carbonate- free  50%  sodium 
^ graduated  cylinder*  For  obvious  reasons^  CO  a 
fliH  ^luded*  All  oquipjmeat,  including  the  re- 

fUter.'  is  prote'eS^th 
^ ^ lulng  50%  KOH)  held  fn  place  by  rubber 
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HandllQg  alkali  hydroxide  solutions  Is  often  focllitat^  1)$^' iit 
knowledge  of  their  boiling  points.  For  this  reason,  titetjoiUa^ 
points  of  £0-70%  NaOH  and  KOK  solutions,  taken  from  Geriadb 
[2],  are  tabulated  below. 


25  i 

A2.S 

66.7 

81.3 

100  i 

1S2,£ 

ISO 

£33.3 

g.  NaOHfKOHV 
lOOg.  H20 

30 

as 

40 

^5  ; 

50 

55 

30 

70 

% Nadi  (KCH) 

NaOH 

lOH 

no 

121.5 

12S 

13^.5 

142.5 

150^5 

i leo 

IS0,5 

O 

KOH 

106 

113 

118 

12J.5 

153 

145 

160y5 

i 177.S 

1 

£23 

B.p..  *G 

SAFETY  RULES 

The  destructive  action  of  caustic  alkali  solutions  begins  Im- 
mediately. Therefore,  the  eyes  must  always  be  protected  l^y 
goggles  which  fit  tightly  on  all  sides.  Any  caustic  solution  under 
the  fingernails  should  immediately  be  washed  off  with  a large 
amount  of  water  followed  hy  dilute  acetic  acid.  Silver  being  k 
much  better  heat  conductor  than  glass,  one  should  remember  tlmt 
silver  equipment  will  get  hot  much  more  rapidly  than  glass. 

aEFER£NC£S; 

1.  R.  Scholder.  Chem,  Fabrlk  Jl,  541  (1938), 

2.  G.  T.  Gerlach.  Z.  anal.  Chem.  463  (1887);  see  also  A,  von 
Antropoff  and  W.  Sommer.  Z.  phys.  Chem.  123,  192  (1928).  . 


Sodium  Kydfoxozintotes 


The  system  ZnO-NagO-HsO  contains  the  following  fou;?.  SOj^. 
hydroxozincates,  whose  existence  depends  on  the  NaOK 
tratlonr 


Na(Zn(OH)a]  * 3 HgO;  Na[Zn(OH)aJ;  Naa[Zn(0H)4j  ■ 2 
Naa[Zn{0H)4j.  ;; 


SODIUM  TRIHYDROXOZINCATE,  Na[Zn(OH)3]  V 

■ ’ ■ 

ZaO  + NbOH  + H*0  “ Na[Zn(OH),]  ■ , ' 

-10.0  18.0  1M.4 
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PHEP^BATKW  OPCRUDK  MATKmAL 

A hot  solution  of  1S5  of  NftOH  in  100  ml.  of  HsO  is  prepared, 
aad  ZaO  fl05  g ) Is  added.  The  mUture  Is  refhuted  0.5  hours  and 
100-C.  water  (85  ml.)  Is  then  graduaiJy  added  though 
the  condenser  (use  n funnel).  The  solution  Is  filtered  hot  to  re- 
move Sldual  2nO  and  the  filtrate  Is  immediately  cooled  to 
about  15^*0.  If  crystallization  does  not  set  in  within  a day,  som^ 
2^aOB  pellets  are  dissolved  in  a few  milliliters  of  the  boiling 
tincate  solution,  the  solution  is  cooled  in  a freezing  mljcture,  and 
the  resulting  tetrahydroxosincatOj  which  precipitates  readily  at 
this  higher  NaOH  concentration.  Is  used  to  seed  an  additional  5- 
mL  portion  of  the  original  sincate  solution  (moderate  cooling)* 
Rubbing  with  a glass  rod  initiates  crystalllzatioin  of  the  trthydroxo- 
zincate.  The  entire  zincate  solution  is  then  seeded  with  this 
material.  The  precipitate  obtained  is  filtered  off  after  a few 
hours,  washed  with  50%  sodium  hydroxide,  and  dried  on  a clay 
plate  in  an  empty  desiccator.  Yield:  50-50  g. 

B-  PRRPAftA  nON  OP  THE  PURK  C0MP0U^^^^ 


A solution  (prepared  at  the  boil)  of  60  g,  of  ZnO  and  250  ml*  of 
pure,  51%  sodium  hydroxide  is  filtered  at  about  40*^0,  cooled  to 
15 *C,  and  seeded  with  zincate  prepared  as  described  under  (A). 
After  12  hours  the  mixture  fe  filtered  and  worked  up  as  under  (A), 
Yield  40  g* 

The  moist  product  (10  g,)  is  shaken  for  two  hours  with  150  ml, 
of  alkaline  methanol  solution  (100  ml.  of  CH  a OH  plus  15  g,  of  NaOH)* 
filtered,  washed  first  with  the  same  methanol  solution  and  then 
repeatedly  with  acetone,  and  dried  over  silica  gel.  This  method 
removes  the  last  traces  of  NaOH,  and  the  analysts  shows  the  cal- 
culated percentages  of  ZnO,  Na^O  and  HsO, 

PHOPEimES] 


imrSllJLVfw  powder  (smell  rods).  Decomposes 

..  decomposea  after  a few  hours  in  10% 

prSS^*‘bv  S iiiethanolic  NaOH  (18 ‘C).  When 

0-1  “oles  of  NaOH  per 


SOOItfM  TETRAHYDROXOZINCATE.  N«2{Zft(0H)4l 

solution  of  W5  g.  of  NaOH  la  140  ml  of 

out  after 

ashed  with  60%  NaOH  and  spread  la  as  thin  a 
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layer  ab  possible  on  n clay  dish.  They  are  dried  1ft  oil 
desiccator.  Yield;  about  100  g.  ^ 

PROPERTIES: 


Formula  weight  170.42.  Microcrystalline,  thin  platelets.  The 
NaOH  traces  (about  0.2  moles  per  mole  of  aincate)  cannot  be  re^ 
moved, 


REFEREWCES: 

R.  Scholder  and  H.  Weber,  Z.  anorg.  allg,  Chera*  gl|.  355  (1933); 
R.  Scholder  and  G.  Headrloh,  Ibid.  241,  76  (1939);  R.  Scholder 
and  K.  Osterloh,  Unpublished  data. 


Sodium  Tetrohydroxoinagnesate 


Na,[Mg(OH>*] 

Mg(OH)j  + 2 NaOH  ==  Na*[Mg(OH)*] 
80j0  138^ 


An  approximately  65%  NaOH  solution  Is  prepared  In  a silver 
flask  by  distUUng  180  ml.  of  HaO  from  500  mL  of  60%  sodiuni 
hydroxide.  The  solution  Is  cooled  to  about  100 "C  and  6 g,  of 
Mg(OH}a,  prepared  by  slaking  MgO  (calcined  at  500*C)  with  hot 
H3O,  is  added  to  it.  The  mixture  le  agitated  with  a silver  storibr 
and  refluxed  for  20  hours  at  100"C  in  the  absence  of  GOg,  Withf^ 


out  intern^ ting  the  heating,  the  flask  contents  are  transferrei^  > 
by  suction  (use  silver  tubing  interconnected  with  polyethyies^ 
sleeves)  onto  a glyoerol-hented,  medium^poro-olze  frlttod-^laas^ ' 
filter,  which  is  maintained  at  100*C,  The  filter  cake  is  dried 
suction  and  immediately  spread  on  a clay  dish  heated  to  100*‘Q, 
The  dish  is  then  kept  for  about  five  hours  in  a vacuum  desicckte^iii 
heated  to  100  ®C.  to  promote  absorption  of  the  simfac©  sodQ^ift 
hydroxide  by  the  clay  plate.  This  procedure  yields  8-iO;  g;*^ 
relatively  dry  sodium,  hydroxomagnesate  which  is  strongly^'^3^'’--'i 
taminated  with  KaOH.  To  remove  the  NaOH,  3 g.  Cf 
product  is  pulverized  in  the  absence  of  COa  S'iid 
shaken  for  30-45  min.  with  freshly  distilled  isoeii^l  aJ©5®^ 
(h.p.  127-129  *C).  The  mixture  is  suction-filtered  (again  ttt 
absence  of  CO*)  through  a medhun-pore-slze  fritted-^dft^fiit!!l^*^  - . 
and  rinsed  with  50  ml.  each  of  isoamyl  aleoliiPl  bum! 
product  is  then  dried  for  a few  hours  over  silica  gel 
taneouBly  removing  the  ether  in  vacuum,  •■■■  ^ 


1CM 
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2JSS“  ^iSrVl  b.€w  o-c,  i»o.Wl  sra*«n, 

splits  off  NaOH,  but  oaly  on  prolonged  reaction. 


ft£F£it£NCE: 

R,  Scbojifcr  and  C,  Keller.  Unpublished  data. 


Sodium  Tefrohydroxocuprote  (II) 

N»,fCa(OH)J 

CuO  + HiO  + SNaOH  = ^^a,^Cu(OH)^3 
79.S  IS.O 


A.  CRUDE  MATERIAL 

very  pure  CuO  (13  g.)  is  dissolved  In  a clear,  carbon  ate- free 
solution  of  500  g,  of  NaOH  In  330  ml.  of  HgO  {brief  refliKing).  The 
dark-blue  solution  Is  cooled  to  110  ®C  and  carefully  diluted  by 
adding  140  tnl.  of  HaO  through  the  reflux  condenser  (use  a funnel}. 
The  small  quantity  of  unreacted  CuO  is  then  filtered  off,  collecting 
the  filtrate  in  a preheated  Erlenmeyer  flask  of  refined  silver.  The 
Krlenmeyer  flask  is  protected  by  a Peligot  tube  (filled  with  50% 
KOH)  and  kept  in  an  electric  drying  oven  for  six  days  at  75  ®C  to 
allow  the  filtrate  to  crystallize.  The  mixture  is  then  filtered;  the 
crystals  are  washed  with  some  50%  and  45%  sodium  hydroxide 
(once  each}  at  room  temperature  and  dried  on  a clay  plate  over 
HaS04.  Yield:  13  g. 

B,  PURIFICATION 


The  considerable  amount  of  NaOH  still  present  in  the  product 
^removed  immediately  following  the  washing  with  the  50%  NaOH. 
Time  the  dark-blue  crystals  are  shaken  for  one  hour  with  150  ml. 
of  40%  NaOH  at  room  temperature  and  filtered, 

crystals  are  then  shaken  tor  one  minute  with  the  following 
flOlutlc^  (m  the  O^er  given);  ISO  ml.  CHaOH  + 22.6  g.  NaOH 
^N^tf  g*  NaOH  (0“C);  150  ml.  CHaOH  + 1.6 

^ finally  digested  twice  With  pure 
washed  With  methanol  at  ~16“C. 
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Wien  the  cuprate  solution  remaining  after  filtering  off  tile  Chid 
is  quickly  cooled  to  room  temperature  in  a freezing  mixture*  tbe 
salt  precipitates  as  very  thin,  light^blue  platelets*  These*  JUNKa 
ever,  cannot  be  completely  freed  of  the  excess  NaOH.  Yield:  20 

PHOPERTIES: 

Firm,  dark-blue  crystals.  The  very  pure  salt  obtained  Iqir 
method  (B)  Is  extremely  sensitive  to  moisture  and  rapidly  ttoid 
dark  brown  on  exposure  to  air, 

IIEFEREKCES: 

Tt.  Scholder,  It.  Felsenstein  and  A.  Apel,  z.  anorg,  allg,  Chem, 
216.  138  (1934);  H.  Scholder  and  K,  Osterloh.  iTnpubllshed 
data. 


Borium  Hexahydroxocuprate  (II) 

Ba>LCu(OH)«] 

Na*[Cu(OH)*l  + 2 3a(OH)i  = Ba,[Cu(OH),]  + 2NaOH 
177.6  S4e.e  446.3  66.0 

A solution  of  10  g,  of  CuBr^  In  25  ml,  of  is  added  to  .SQ^ 
ml.  of  carbonate- free  50%  sodium  hydroxide  at  +5*C,  The 
ing  mixture  is  heated  to  70*G  (water  bath)  and  the  small  amou^ 
of  CuO  filtered  off.  The  filtrate  is  refluxed  13D*C  and  ailw 
solution  of  30  g,  of  Ba(OH)g>8  In  50  ml.  of  H aQ  is  added  tO 
it  through  a fluted  filter  (shaking).  The  salt  that  separates  te  Im’^ 
mediately  filtered  off,  cooled  to  0*C  in  an  Erteimie^r  jEtekSl^ 
shaken  for  S min,  with  100  ml,  of  methanol  at  — 10 ^C,  add  £ilteiN^' ~ 
off.  It  is  washed  with  methanol  at  0*C  and  then  thoroug^ii^,;sd!l^;; 
acetone  and  anhydrous  ether.  The  residual  ether  is  remp^°»d1^; 
prolonged  vacuum  treatment  in  a desiccator.  The  prodiicd’, 
completely  pure.  Yield:  13  g,  , - - ^ 

PBOPEETIES: 

Light-blue  powder  {rhombic  crystal  &ggrogates)t  Dec 
^ H^O*  j ^ ' .H. 

R*  Scholder,  Ra  Felsensteliii  and.  Ap^i*  anougi 
216, 138  (1934); 


ft*  SCHDJ-D£fl 


Soditim  Tetrohydrq»(oferfate  (tit 


Fe  + 2N(iOH 

SS.9  SO.O 


Nto[Fe(OHt.] 

r 2HiO  = NatfFe(OH),]  + Ht 
QB.O 


The  reactor  is  a round-bottom , refined- silver  flask,  ca^ying 
a rubber  stopper  holding  a reflux  condenser  protected  by  a Peligot 
tube  (filled  with  an  alkaline  pyrogallol  solution)  and  a s 
servl^  as  inlet  for  pure  nitrogen.  The  flask  Is  chared  udth  8 g, 
of  recced  iron  and  350  ml.  of  a 50%  solution  of  pure  NaOH.  The  air 
Ja  displaced  with  Ng  and  the  mixture  is  refluxed  for  2*5  hours  in 
a steady  Ng  stream.  The  blue  solution  is  cooled  to  120*C  and 
suction-filtered  (in  the  absence  of  air)  through  a glass  frit  covered 
with  a layer  of  reduced  iron.  The  filtrate  is  collected  in  a Pyrex 
suction  flask  containing  100  ml.  of  50%  sodium  hydroxide,  through 
which  a nitrogen  stream  may  be  passed.  The  filtrate  is  allowed 
to  cool  for  about  12  hours  under  Ngj  the  gray-green  precipitate 
is  then  filtered  off  under  Na,  washed  with  50%  sodium  hydroxide, 
and  dried  on  a clay  dish  in  a ultrogen-flllied  desiccator.  Yield: 
4g* 


PROPEsrms: 


Gray-green  mtcrocrystalline  powder  (polyhedral  crystals); 
very  sensitive  to  moisture  and  Oa.  Besides  the  polyhedra,  micro- 
scopic examination  also  reveals  colorless  platelets  with  oblique 
sides  of  Na*[Fe(OH)7]  ■ 2 HgO  (see  p.  1639). 

RErEHENCE; 

R,  Sebolder,  Angew.  Chem.  255  (1936). 


Strontium  Hexahydroxonlekelote  jll) 

SfiENi{OH).l 

^ + eWaOH  = Sr,lNi(OH)J  + 6NaC10, 

3«,C!  mo  rs4,7 

Is  ® Sr(OH)»  * e H3O 

la  hri^v^!  contained  In  a silver  flask.  The 

ScCO  r|MQi|. It ..  ^ I allowed  to  stand  for  24  hours;  the 

S*  bSr^S??^  solution  Ifi  then  brought 

1®  : ®^(ClC>4)a  solution  (molar 

^ V turned.  The  Utter  solution  ia  prepared  by  adding 
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25  ml.  of  HsO  to  6.5  of  NICI9  • 6 H3O  and  16 

then  gradually  adding  25  ml.  of  70%  HGIO4.  To  vemo7»W^mS^. 

solution  is  concentrated  until  dense  HCIQ4  Aimes  are 

then  diluted  with  to  35  ml.  After  addition  nf  tha 

solution,  the  reactor  mixture  Is  refluxed  lo  the  aboane«.^rf*^  - 

The  Sr  b[M1(OH)  el  precipitate  Is  filtered  off  with  suction 

mother  liquor  is  still  hot  {use  smaU-pore-slze  glass  fstthHHii 

thorough  exclusion  of  CO 3;  it  is  washed  with  35%  MhOH  at 

temperature,  and  then  with  abaolute  methanol.  The  preolpttale^^ 

shaken  for  eight  hours  with  absolute  methanol,  filtered,  and  wsslted 

with  methanol  and  ether.  The  product  is  dried  and  freed  of 

by  keeping  It  for  several  hours  In  vacuum  in  a depleoator 

lag  silica  gel.  . ^ 


l>HOPEimES: 


Gray-green,  very  fine  crystalline  powder  of  unldentifihia^ 
crystalline  habit;  not  attacked  ty  half-saturated  aqueous. Sr(QH||a 
solution  <0.35  g.  SrO/100  ml.  HaO);  gradually  decompqis'^d  M 
HaO.  ^ 


R,  Scholder  and  E.  Glesler,  Unpublished  data. 


Sodium  Tfihydrexostonnate  (11} 
Na[5D(OH)i] 

SnCI,  + HNaOH  Sn(OHJ,  + SNaO 

139.e  80a  152.7  11&9 


Sn(OH),  + NaOH 
152.7  400 


NafSn(OH)a] 

ite.7 


Tin  (U)  hydroxide  is  prepared  by  treating  a mUhy  sdlut^w^g 
35  g.  of  SnCla  ■ 2 H2O  in  1.5  liters  of  with  a.  small 

approximately  10%  ammonja  (room  temperature),  'diluting ■ 
liters,  allowing  the  solid  to  settle,  removing  Um  sligh£^.^^^| 
supernatant  by  aspiration,  adding  two  liters  of  H 
the  supernataid,  and  then  repeatingthis process  2^3  tim^v 
cipitated  Sn(OH)a  is  filtered  off  on  a large 
medium  pore  size,  at  first  without  suction,  then 
vacuum;  it  is  then  washed  until  essentially  chlorlde-£hee^*il‘lte^g^|^m 
ia  thoroughly  dried  by  suction,  qalclned  to^^nOh, 

SMO^s^ontent.  Yield  of  Sn(OH)a  ! ’66(%! 

ileagent  grade  NaOH  “{SS  ■Bi).'ls 
talned  in  a wide-mouth 


R,  SCHOLDER 


is  cocrtfld  to  60-60 'C  wd  the  entire  SniOH)s  paste  *s  added 
tn  «.  AVMi  tiwiah  some  crystaillne  NaOH  may  be  present.  The 

Iinmedtately  closed  off  with  a rubber  stopper  earring 

• Pell»t  tube  filled  with  an  alkaline  pyrogallol  solution.  The 
qmfamTafter  brief  shaking  dissolves  while  a small  amount  of 
dark  SaO  separates  from  the  sodium  hydroxide  solution  (the  con- 
^Son  trf  which  IS  now  50*),  The  mixture  is  fi  tered  warm 
Surowh  smaU-pore-slse  glass  frit.  The  clear  filtrate  Is  protected 
from  air  and  kept  at  0**C;  after  a few  hours,  crystalliEation  of  the 
salt  is  complete.  The  mixture  is  carefully  warmed  to  8 C and 
filtered  through  large-pore- si ?e  glass  frit.  To  remove  the  mother 
Iteimr  still  on  (he  crystals,  the  latter  are  spread  on  a clay  dish 
precooled  to  0*C.  and  the  dish  is  kept  for  12  hours  at  0-3  C to  an 
evacuated  desiccator,  Yieldr  6 g* 


PHOPERTSS: 

Colorless*  partly  clustered  small  rods*  pointed  at  the  ends* 
When  stored  for  some  time  in  a closed  container  (even  at  Q^C)  turns 
dark  because  of  decomposition;  very  sensitive  to  moisture  and  O5. 
After  removal  from  the  clay  dish,  the  product  is  still  contaminated 
Trith  0,1- 0,2  moles  of  WaOH  per  mole*  IXiring  separation  and  diy- 
ingr  a small  percentage  of  the  Sn  (n)is  converted  to  Sn  (IV), 

ilEFEREtJCES; 

K Scholder  and  R,  Fatach*  Z*  anorg,  allg.  Chem,  176  (1&33); 
R,  Seholder  and  K.  Krauss,  Unptublislied  data. 


Sodium  Hexohydroxoch romdte 


Na,[Cr(OH),l 

CrfCiOJ,  + a NaOH  = Na,fCr(OH},]  + 3^faC^O^ 

350-4  5<0.0  223.1  3^.4 

commercial  (bromic  hydroxide  always  contains  an  ap- 
carbonate,  godium  hexahydroxochromato 
Cr(Cl04)3  solution  obtained 
iiiiffii  ii  NaClO*  formed  by  reaction  with  NaOH  is 

^ concentrated  NaOH. 

Ititown  CraOa  content 

ytetthTfrf  ^ SST.  ^ dissolved  in  the  atolohlometric 

concentrated  to  26  ml. 
*sCHf  'ibe  mtutu.  kdded  to  300  ml.  of  carbonate-free 

teixture  Is  refluxed  for  about  0.5  hours,  cooled  to 


2,  HYOnOXO  SALTS 


about  120 “C*  and  filtered  Into  a suction  flask 
The  dark-green  filtrate  Is  transferred  to  a sUver 
by  a Peligot  tube  (filled  with  60%  KOH)  and  allowed  to 
about  four  hours  in  an  electric  drying  oven  at  85^04. 
clpitated  hexahydroxochromate  is  washed  twice  with 
l^aOH  (18 *C),  shaken  for  O.S  hours  with  80  mK  of  fi% 

KaOH  (18 ""0)1  washed  several  times  with  the  same 
methanol  solution^  and,  finally,  thoroughly  washed  with  acetone 
the  acetone  Is  then  removed  by  prolonged  vacuum  evapCEatt<tEi^4h 
a desiccator  containing  silica  gel.  The  product  Is  vexy'pi^e 
(Cr  : Na  = 1 r 2.99-3,02),  Yield:  5-6  g. 

On  coollngp  the  Naa[Cr(OH)e|  mother  liquor  deposits 
clustered  platelets  of  mixed  crystals  of  hepta^  and  octahyc^Qx^ 
chromate  (III)-  ^ ^ 


PKOPEHTIES: 


Micro  crystalline  green  powder  (well-formed  polyhedra)*^  'M 
first  soluble  in  cold  HaP,  affording  a clear  solutlODf  which 
long  time  gradually  yields  a fiocculeut  precipitate  of  Crrf)a*  a^ 


REFERENCE: 


R.  Scholder  and  R*  Fatsch,  Z*  anorg-  allg,  Chem,  220.  411  (1^^- 


Sodium  Hydroxoferrotes  {til] 


These  products  are  obtained  tjy  the  oxidation  of  a aojullm^ 
Na3[Fe{OH)4]  in  S0%  NaOH  with  Oa,  Under  otherwise 
conditions,  sodium  octahydroxoferrate  (IH)  is  formed  at^flfl-2^^ 
heptahydroxoferrate  (HI)  at  60-^60  *C,  and  oiiye^greeii 
(EQ)  at  100-130  "C.  Bolling  55-60%  NaOH  yields  the  red  oib^fergiiB 
(mj^NaFeOa.  ' 


SODIUM  HEPTAHYDROXOFERHATE  (lU),  N.4[F«tOH)-,]  • 2%0 


2Na,[Fe{OHW  + 4 NaOH  + V*0.  + H.O 


• ■■f  .-wb 


A solution  of  Naa[Fe(OH)*]  In  50% 
on  p.  1686  and  cooled  to  120^C,  Is  fiitexed  ^to  an 
flask  containing  100  ml.  of  60%  NaOHc  flaslc  Is  coisp^^ 
^ two  witsh  bottles  eacb  oonbaiaing  60%  KOH, 

If  passed  thro^h  th^  sclutlQi^^'(kept:'At 
Xhfs  causes  & griu!uil,.dlsc9il^tdtP«a 


ervsUililftticm.  The  crystals  are  filtered  off, 
NaOH,  and  dried  as  a thliilayer  on  a 

jAaw  tn  an  entity  desiccator  containing  silica  gel.  * , , 

1%»  oxidation  with  Bra  is  more  elegant.  The  flask  containing 
NmIF^JOHUJ  solution  is  closed  off  with  a rubber  stopper  carrying 
» splint  tube  and  a dropping  funnel.  Then  a solution  of  2-3  ml. 

i ‘STl.  Vo  ml.  S 0Cl7  IS  «M«i  dropi-lao  « 60-60-0  with 

Tigorous  agitatton  until  the  Iron  solution  Just  turiB  colorless, 
AaTeXfioss  of  Bra  must  be  avoided.  The  mixture  Is  allowed  to 
stood  for  two  hours  at  the  same  temperature  and  filtered. 


IL  Freshly  precipitated,  thoroughly  washed  FegOa  • aq-  Is  added 
to  carbonate- free  50%  NaOH.  An  amount  of  NaOH  equal  In  weigl^ 
to  the  water  contained  in  the  FegOe  paste  Is  then  added  and  the 
latter  IS  dissolved  with  moderate  heating  (not  to  exceed  60  "C}. 
The  mixture,  in  a silver  Erlenmeyer  flask  protected  with  a 
Peitgot  tube  {filled  with  50%  KOH),  is  allowed  to  stand  for  several 
days  in  an  electric  drying  oven  at  70  *C.  In  this  maimer,  the 
FejOa  • aq.  is  completely  converted  into  the  nearly  colorless, 
rolcrocrystalline  Na4[Fe(OH}f]  ■ 2 KaO,  which  is  sparingly  soluble 
in  concentrated  NaOH. 


ffiOPEKTES; 


Nearly  colorless  crystalline  powder  (beveled,  partly  clustered 
platelets);  very  sensitive  to  moisture.  Instantly  decomposed  by 
HgO  and  CHaOH,  affording  FceOa  • aq.  Unstable  even  in  30% 
NaOH  (IB’C). 


SODIUM  OCTAHYDflOXOFERRATE:  (111),  Naj  [FetOHlg]  * S HjO 

Oxidation  of  Naa[Fe(OK)4]  with  in  a strongly  alkaline  solu- 
te (see  method  I above)  at  20 *C  yields  fine  needles  ofocU- 
bydrow^rrate  (III),  which  is  also  nearly  colorless,  YVhen  allowed 

^ freshly  prepared 

FeaPa-aq,  (see  method  H above)  is  converted  to  a large  extent, 
tall  never  completely,  to  the  same  salt. 

fiEFtRfJiCESf 


B,  ^holder.  Angew.  chem.  49, 
Kraues.  UnpuhllBbed  data. 


255  (1936);  H.  Scholder  and  K. 


•f  as 


Barium  Hydroxoferrote*  (lit) 

Prepared  fey  dropwise  addition 
4la  s(Cl04)a  solution  to  hot  NaOH.  If  the  initial 


2,  HYDROXQ  SALTS 


NaOH  concentration  la  25-39%,  a precipitate  of  Uie 
gait,  Ba3lFe(OH)a]3,  la  obtained;  however.  If  this  NaOH  cme0|t> 
tratlon  exceeds  42%,theheptahydroxosalt,Ba^Pe(OH)7)  * 
precipitates. 

The  starting  Fe(Cl0*>a-Ba{C10*)a  solution  (l:3mol»  mtfd^ 
Is  obtained  by  dissolving  3.5  g.  of  FeaOa  (analytical  grade)  Is  A 
mixture  of  35  tnl.  of  70%  HCIO*  and  2S  ml.  of  cone.  HOI.  tW 
eliminate  tbe  HCl,  the  solution  is  concentrated  until  dense  fan**** 
of  HCIO4  are  given  off.  The  resulting  solution  le  added,  with 
agitation,  to  a slurry  of  26  g.  of  BaCOa  in  126  ml.  of  HaO;  thd 
mixture  is  then  filtered. 

BARIUM  HEXAHYBROXOFERBATE  Oil),  Ba3[Fe(OK>6]2 

The  starting  33%  NaOH  is  prepared  by  diluting  186  twl^  of 
carbonate  "-free  5€%  NaOR  with  140  ml.  of  CO^-^free  HaO  in  a 
refined  silver  flask.  The  mixture  Is  heated  to  reflux  with.  e» 
elusion  of  COa,  and  75  ml.  of  the  above  Fe(C104)g -Ba(ClQ4)3 
solution  is  added  dropwise.  A white  precipitate  of  Ba3[Fe(OH)^i^ 
forms  immediately.  The  mixture  is  allowed  to  reflux  for  one 
hour,  after  which  it  is  cooled  to  room  temperature,  suotidn- 
filtered  through  a medium- pore-size  glass  frit,  and  washed  with 
a small  amount  of  33%  NaOH.  The  precipitate  is  vlgorpus^ 
shaken  for  a few  minutes  with  200  ml,  of  absolute  methandl, 
filtered  through  a small-pore-size  glass  frit,  and  washed  with 
absolute  methanol  and  anhydrous  ether,  ft  is  then  dried  for  one 
hour  in  a vacuum  desiccator  over  silica  gel. 


PSOPS  STIES: 


White  to  slightly  yellowish  hexagonal  platelets.  ; 

by  HaO.  affording  FegOa  • aq.;  stable  in  absolute 

BARIUM  HEPTAIfYDROXOFERRATE  (HI).  8*2  [FetOIT}?}  * X HaO  ‘ 

The  preparation  of  this  compound  is  analogous  to  Qumjl  ^ 
Bag[Fe{OH)e]a,  However,  instead  of  33%  sodium  hydro«iid'^|i^ 
ml.  of  50%  NaOH  is  used.  ■ ^ 


PROPEHT[E5: 


White  to  slightly  yellowish  hexagonal  platelets  a l)e<XKmpos^V: 
*>y  HgO,  affording  FesOa  • aq.  Prolonged  contact . 
methanol  yields  a brown  solution. 

Strontium  hexahydroocoferrate  (111),  Sra|Fe(©H)ejVi 
pared  in  a similar  way,  using  5%  NaOK,  while 
aydroxoferrate  (HI).  Sr«fFe(OH)T]  • 3 


SCHOLOER 


fU  Scholder.  W*  Zeiss  snd 


M*  Kreuti,  Unpublished  data* 


Alkoli  AfumJnatcs 

^ the  temoerature.  the  following  three  sodium 

^r*  .olu.10.  co-t**”!”* 

Unequal  concentrations: 

tetrasodium  heptfthydroxoftlumlnate  Na4[Al(OH^^^^  ^ 

monosodlum  oxohydroxoalumtnate  I N^aO  ‘ AlaOa  2.67  HaO 

mo^whum  *Sohydroxoali^  H NaaO  ■ AlgOg  - 2.5  HaO  = 

Na4[AUOa(OH)io]  ^ . if  n Ai  n . 

Qttlv  monopotassium  oxobydroxoalumlnate,  KaO  ■ AlaUa  • 
3 HaO  = KalAlaOCOH)*),  is  obtained  from  a potassium  aluimnate 
solution, 

TFTRASODIL'M  UEPTAHYDftOXOAUlWlNATK,  Na^lAUOHjyl ' 3 HjO 
A](OH)i  I-  4NaOH  = Na,[Al(OH),J 


f 3 HjO) 


Aluminum  hydroxide  (45  g*)  is  dissolved  in  fi.  solution  of  130 
g,  of  NaOH  in  100  mU  of  HgO  by  refluxing  one  half  hour*  The 
solution  is  slowly  cooled  to  room  temperature  ^ allowed  to  stand  for 
six  hours,  and  only  then  filtered  through  a small- pore-^ si glass 
frit  to  remove  the  considerable  amount  of  Na^COa  precipitate 
[oommerclal  Al(0H)3  often  contains  a large  percentage  of  car- 
bonate]* The  crystallisation  of  sodium  aluminatCt  which  usually 
takes  a long  time  to  develop^  does  not  start  during  this  period* 
The  clear  filtrate  is  transferred  to  a round-bottom  glass  flask 
closed  off  with  rubber  stoppers  carrying  an  air -tight  agitator  and 
a Peligot  tube*  The  fla$k  is  immersed  in  18  "C  water  and  Its 
contents  are  vigorously  stirred  for  10-14  hours.  A thick  crystal 
slurry  la  formedj  this  ig  dried  by  suction,  spread  cut  in  a thin 
layer  on  a clay  dish,  and  finally  dried  in  an  empty  desiccator* 
Yield:  3fl  g* 


»»OPE|mES: 


powdery  strongly  blrefrlngent  oblong  prisms 
Soluble  In  H^O-  Ckjntains  (as  Impurity) 
moles  of  NaOH  per  mole  of  alumlnate* 


2.  KYDZ^OXO  SAUT9 


MONOSODiaM  OXOHY DftOXOALUMINATE  1,  Nag  [Al604(0H)ie)  ^ ' S - 

A clear  alumuiate  solution  is  prepared  in  the  manner  dfHigrilriltf 
above  and  stirred  for  8*10  hours  at  40-46  *C,  The  crystal  eitcwjE 
is  washed  with  60%  NaOH,  covered  with  methanol^  ***4  ahaw^ft  fdr 
0,5  hours  with  150  ml.  of  methanol.  The  mixture  Is  fUteredi 
thoroughly  washed  with  a large  quantity  of  methanol  followed  hy 
acetone,  and  vacuum-dried  over  aUlca  gel.  Yield;  24  g.  Analysts 
shows  A1 : Na  = 1 : l,O2~1.04,  . r 

PROPEHTUSS: 

Formula  weight  636.15,  Microcrystalline  powder  {square plates 
with  beveled  edges).  Transient  solubility  in  HaO, 

UONOSOmUM  OXOHYDROXOALUMtNATE  a,  Nm[AU03(OH)io] 

The  alum! mate  solution  (see  above)  is  stirred  fbr  aboiit  sllc 
hours  at  100-105  "C.  Otherwise,  the  preparation.  Isolation,  pu;db- 
flcation  and  drying  are  the  same  as  described  above.  Very  pqr& 
product  is  obtained. 


PKOPERTIES: 

Formula  weight  417.98,  Mlcrocrystalline  powder  (thin  poly^ 
onal  platelets). 


MONOPOTASSIUM  OXOUYDftOXOALUMINATE,  KjCAlaOtOH)^] 


A solution  prepared  at  the  boil  from  120  g.  of  KOH,  30  g.  of 
A1(0H)3,  and  100  ml.  of  K^O  is  allowed  to  stand  for  several  hour^ 
at  room  temperature,  filtered,  seeded  with  the  salt  (see  below)',, 
and  shaken  for  24  hours.  The  microcrystalline  solid  deposit  ^ . 
washed  with  a small  amount  of  50%  KOH,  then  with  150  ml, 
methanol  containing  5%  KOH,  and  finally  with  acetone;  It 
vacuum-dried  over  silica  gel.  Yield:  6 g.  ’’  . ' 

Without  seeding,  the  crystallization  is  delayed  for  severalday^  : 
The  seeding  crystals  are  obtained  by  preparing  a solution 
talning  20  g.  of  KOH,  5 g.  of  Al(OH)3,  and  10  ml.  of  mt  ^ 
at  room  temperature,  and  shaking  for  12  hours.  Tblsprb^ijj 
an  abundant  crop  (about  6.S  g,)  of  monopotassium  ^lii 
crystals.  These  crystals,  however,  are  very  small a^arjsj^ 
to  free  from  the  adhering  KOH,  particularly  If  the'  latthr  - 
concentrated. 

PflOPK  STIES;  ■ 

Formula  weight  260,20,  Microcrystalltae  powder 
tnoompleteljr  soluble  in  water.  Can  be  obteiheid^w^ 


«.  SCKOt-DER 


MfVWNCSS; 

i,®SSS’  tal5!;'Sl‘L%3S-lS«  (FIAT  BAV..W),  V»I. 
315,  Inorg.  Chem.*  part  111,  p-  Wi- 


Sodium  Hexohydfoxostqnnate  (IV) 

Nfl,lSii(OH).l 

SnfOH),  + 2N»OH  = NajISnfOH)*] 

188-7  80.0  2<MS-S 

A solution  of  S11CI4  in  very  dilute  hydrochloric  acid  is  i^u- 
traliaed  to  methyl  orange  with  carbonate-free  NaOH.  SnOs;  - 
an.  precipitate  is  filtered  off,  washed  until  chloride- free  with 
HzO,  and  added  in  portions  to  an  excess  of  concentrated,  100  C 
NaOH,  In  which  it  dissolves  rapidly,  affording  a clear  solution. 
The  crystalline  hexahydroxoatannate  precipitates  after  a short 
time.  The  crystal  slurry  is  filtered  in  the  absence  of  CO  3 and 
washed  with  30%  NaOH  and  then  several  times  with  ethanol  and  ether. 

PnOPEaTIES; 

Colorless  crystalline  powder  (thin  hexagonal  leaflets).  Readily 
soluble  In  the  solubility  decreases  markedly  with  tempera^ 
ture  (see  Heiif  and  Toussaint).  Always  contains  small  amounts  of 
adsorbed  NaOH.  Very  sensitive  to  COa. 

aEFERENCES; 

B.  Zocher.  Z.  anorg.  allg.  Chem.  m.  1 (1920);  R.  Reiff  and  S.  M. 

Toussaint.  Ibid,  2^.  372  (1939), 


Sodium  Hexahydroxopfufflbote  pV) 
Nfl,[Ph(OH),l 

1.  ELECTROCHEMJCAL  METHOD 


NaIPb(OH)j]  + NaOH  + 20H  — 2 e 

291,2  4Q.0 


Na,[Pb(OH),l 

35sn 


a SS  Ku «•>  ^ in  300  ml. 

« MJiag  13N  NaOH;  the  solution  is  suction-filtered  throu^  a 


2.  HYOROXO  SALTS 


email- pore- size  glaas  frit  and  allowed  to  eool  In  a 
atmosphere.  This  hydroxoplumbate  <n>  solution  is  and  on 

proloi^ed  standing  gradually  deposits  crystalline  lead  oMde, 
Hence  it  should  be  electrolyzed  as  soon  as  it  has  cooled  to  room 
temperature.  Sometimes  It  may  be  necessary  to  separate  the 
solution  from  the  precipitated  PbO  I57  decantation  ri^  after 
cooling. 

A rectangular  300- ml,  glass  Jar  covered  with  a rubber  plate 
forming  an  air-tight  seal  Is  used  as  the  electrolysis  cell.  Ttirou^ 
appropriate  openings  in  the  lid  the  tank  is  provided  with  a gas 
outlet  tube,  a thermometer,  an  air-ti^t  stirrer,  an  anode  lead-in 
wire  cemented  into  a glass  tube,  and  a porous  clay  cell  serving 
as  the  cathode  space.  The  entire  system  must  be  gas-ti^d. 
Smooth  platinum  electrodes  {5X5  cm.)  are  used.  The  electrolysis 
Is  carried  out  at  ambient  ten^erature  with  a current  density  of 
0.12-0.18  amp,/ in,  while  vigorously  stirring  the  strong^  alkaline 
hydroxoplumbate  {II)  solution  In  the  anode  space.  The  catbode 
space  contains  concentrated  NaOH.  The  plumbate  (IV)  separated 
in  the  form  of  a white  crystalline  precipitate.  The  precipitate 
allowed  to  settle,  the  clear  solution  is  siphoned  off,  and  the  crystal 
slurry  is  covered  with  absolute  ethanol.  The  crystals  and  liquid 
are  then  transferred  to  a smaller  container  and  repeatedly  di- 
gested with  absolute  ethanol  until  the  latter  no  longer  shows  hd 
alkaline  reaction-  The  pure  white  crystals  become  slightly  yellowiah 
on  vacuum  drying  in  a desiccator. 

[I.  CHEMICAL  METHOD 

Pb{CH,COO)j  + 6NaOH  = Na,(Pb(OH),]  + 4CH,COONa 

aic-1  355.3  aaas 

A one-liter,  round-bottom  glass  flask  equipped  with  an  air- 
tight stirrer,  a dropping  funnel  and  a Peligot  tube  (filled  with  30% 
KOH),  all  inserted  through  rubber  stoppers,  is  charged  with  200 
ml.  of  carbonate-free  30%  NaOH.  The  tip  of  the  dropping  funnel  is 
inserted  into  a short  glass  tube  (15  mm.  LD.)  to  protect  it  from 
the  splashing  NaOH  solution.  A solution  (usually  yellowish)  of 
50  g.  of  Pb(CH3COO}4  in  200  ml.  of  KaCOa-dried  chloroform 
containing  1 ml.  of  glacial  acetic  aoid  (filtered,  if  necessary)  is 
added  drop-by-drop  with  vigorous  stirring.-  The  brown  PbO  3, 
formed  at  the  site  of  contact  between  the  drops  of  the  chloroform 
solution  and  the  NaOH  in  the  flask,  dlsabWes  rapidlys  after  a 
while,  Na3[Pb(0H)eJ  begins  to  precipitate.  Following  the  addition 
of  the  chloroform  solution,  the  mixture  iS'  stirred  until  the  crys- 
talUne  suspension  is  pure  white,  Thst  pddd^itate  is  allowed  to 
settle  for  several  hours;  itiBthenfiltere4i®f®jwd  washed  twice  with 
30%  NaOH  and  at  least  five  timehv  ^i^llhiod^hanol  containing  1% 


1«M 


SCKOLDEH 

jitmosDhe3*ic  moisture  and  CO  a 
19  then  dried  on  a clay  dish 
wvsl  Iw  ateent,  P‘“  ggl_  a pure  white 

i»  «n  is  rapid.  Yield:  33  g. 

pniiKi  te  oWalned  ®JJ®i5e  purified  as  follows.  The 

ml.  ot  16%  K.OH 

BOlSt  product  IS  added  in  each  portion  is  completely 

at  7S*C  (agitation),  in  g small  residue  is  filtered 

H^H It  1. .uii hot. .«i 
£ itatSe  is  SiiroSly  Shaken  to  complete  dissolution.  After 
SonJ^STpuie  ^ite  crystalline  powder  is  filtered  off  and  washed 
and  drl^  as  described  above.  Yield:  26  g. 


PDOPirin'irsi 

Colorless  crystalline  powder  (he?:agonal  ^lyhe^a);  stable  in 
13*C;  veiy  sensitive  to  moisturo.  Discolors  after 

ateorbli^  HftO.  Always  contains  some  excess  NaOH- 


RSFERENCES; 

L G.  Grube.  Z,  Slectrochem.  28,  273  (1322) , A.  Simon.  Z.  anorg. 

allg.  Chem.  177,  109  (1929). 
n,  R.  Scbdder.  tlnpubllshed  data. 


Barium  Oxohydroxo$tannate  (11} 

»a[Sn«0(OH)iI 

2NafSfi(OH),l  +■  Ba(OH),  = Ba[Sn,0(0H),l  + 2NaOH  + H^O 
3SS.5  171.4  4S3.b  aao  i$.o 

The  entire  Sn(OH)3  paste  obtained  from  25  g.  of  SnCla  ' 2 H^O 
(preparation  as  for  Na[Sn(OH)aJ,  p,  1687)  is  added  to  a 50‘C  solu- 
tloa  of  60  g.  of  HaOH  in  50  ml,  of  RaO.  The  mixture  is  cooled  to 

W"C  and  a hot  solution  of  1 g.  of  Ba(OH)a  • 8 HgO  in  2 ml.  of 

i®  added.  The  mixture  is  allowed  to  stand  at  this  temperature 
for  about  one  hour  (air  must  be  absent)  and  Is  then  filtered  to 
r^ove  the  dark  SnO  and  the  precipitated  carbonate.  The  clear 
n ^ heated  to  66  *C  and  treated  with  a hot  solution  of  9 g.  of 
*“  20  ml,  of  HsO  (96 ’C),  The  greenish-’yeUow 
o«o^<^ataniiate  precipitates  within  a few  minutes. 
VlL  eoUd  is  filtered  off  and  covered 

Silt  is  then  washed  with  50  ml.  of  2% 
8 Hjp  Bolutioa  In  methanol,  followed  by  pure,  0”C 

, to  ^ a clay  dtoh  over  silica  gel.  Yield;  6 g, 

r contaminated  with  BaCO^. 


2*  HYOHOXO  SAUrS 


pnOPEfiTIES: 


yellowish  mlcrocrystalline  powder  (plates  beveled  W 3" 

Decomposed  hy  HgO.  ■ 

ItEFERENC^S;  ' 

. ; 

H.  Scholder  and  R.  Patsch.  Z.  anorg,  allg.  Chem*  216.  i76  (Iffslii 
R,  Scholder  and  K,  Krauss,  Unpublished  data.  i, 


SfCTlON  3 


Iso-  and  Hfieropoly  Acids  and  Their  Salts 

B.  GRUTTNEft  AND  G.  JANDER 


tntroductiofi 


ISOPOLY  COMPOUNDS 

Compounds  with  higlier  aggregated  anions*  in  which  the  anion- 
foTmiTLg  element  occurs  at  least  twice*  are  termed  iaopoly  com- 
poundB  Usually  it  is  the  alkali  or  ammonium  salts  of  the  ieo- 
polyaci'ds  that  are  synthesized*  Compounds  with  isopolyanions 
are  formed*  among  others*  by  boron*  silicon*  phosphorus*  arsenic* 
sulfur*  vanadium*  molybdenum  and  tungsten*  They  maybe  prepared 
in  a number  of  ways*  e,g.,  by  fusion  of  an  acid  anhydride  with  an 
alkali  hydroxide*  dehydration  of  acid  salts,  or  treatment  of  a 
normal  salt  with  its  acid  anhydride. 

Derivatives  of  the  weaker,  oxygen-containing  metallic  acids p 
such  as  those  of  tungstic,  molybdic  or  vanadic  acids,  exhibit  a 
quite  characteristic  behavior*  and  may  therefoi'e  be  considered 
as  the  ‘^classical’'  isopoly  compounds.  One  property  charac- 
teristic of  these  metallic  acids  is  the  more  or  less  sharply 
pronounced  hydrolysis  of  their  salts  in  aqueous  solution,  par- 
ticularly in  the  presence  of  H+  ions.  The  hydrolysis  products 
then  undergo,  over  a period  of  time,  a secondary  reaction,  com- 
bining to  more  hl^y  aggregated  ions,  that  is*  the  isopoly  anion 
For  example: 


BtHWO.  aq. 

B (BWO*  ■ 4q,>  + ^ »q0*“  ^ 


+ 3H,0. 

In  «^tton,  ^ following  rules  apply  to  the  isopoly  compounds 
« ranaoiiaiij  mo^bdenmn  and  tungsten* 

Isopolyanions  of  de&:>ite  degrees  of  condensation  and 
Ctemical  ^0pe:^es  predominate  In  the  Bolutioa;  tbelr 
is  a fiction  of  the  H+  coacentrattoa  and  their  crystal- 
— ■ ■ tsolated  if  certain  conditions  are  ohserred. 

M these  ieopolyacids  contain  water 

cr/^MlTtratlon,  In  keeping  with  their  structure » these  compounds 
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3.  ISO-  ANO  H£teropolvacids  JU^D  their  SAi.TI  VtHf 

are  very  sensitive  to  OH  • wblob  rapidly  degradM  moBtbfliMA 

to  Himple  molecular  compounds,  Tlie  free  adde  oamint  be 

alnce  the  presence  of  excess  H+  causes  pirogreseive 

until  insoluble  high-molecular-weight  hydrated  oxides  proelpttats; 

"Metatungstic  acid"  (dodecatungstic  acid)  is  an 

overall  chemical  and  crystallographic  behavior  places  It 

the  heteropoly  compounds;  thus,  it  will  be  dIseuBsed  Inttiai 

section. 

The  preparation  of  polyphosphates,  poly  silicates  and  polybor^es 
Is  discussed  in  sections  on  the  respective  elements,  e.g„  oa  pages 
546  ff.i  697  ff.,  793  ff,,  and  704  ff,  of  this  handbook. 

HEirEHOPOLY  COMPOUNDS 

Heteropoly  compounds  are  composed  not  only  of  the  weak, 
oxygen- containing  metallic  acids  (tungstic,  molybdlc  and  vanadie). 
but  also  of  moderately  strong  to  weak  adds  of  nonmetals,  e.g,, 
boric,  silicic,  phosphoric,  arsenic,  telluric,  etc.,  acids.  Stable 
heteropoly  compounds  very  frequently  show  nonmet^c  to  metallic 
acid  ratios  of  X;12,  1:6  or  1;9,  Since  the  heteropoly  comqiounds 
form  under  conditLons  similar  to  those  tn  which  leopoly  compounds 
are  obtained,  that  is,  only  in  solutions  containing  ions.  It  is 
assumed  that  the  building  blocks  of  the  heteropoly  anions  are 
isopolyanions  [1], 

In  keeping  with  their  constitution,  all  compounds  of  this  class 
are  quite  unstable  in  the  presence  of  OH  Ions  and  are  degraded 
to  the  simple  metallic  and  aonmetalllo  acids.  The  careful  degradation 
of  very  complex  heteropolyanions  by  agents  such  as  KaCOs, 
which  act  as  weak  sources  of  hydroxyl  Ions,  permits  the  isolahicra 
of  several  Intermediates,  but  nothing  farther  is  yet  known  oon^ 
earning  the  mechanism.  The  heteropolyacids  are  somewhat  more 
stable  to  Ions,  so  that  partial  Isolation  of  the  free  acids  & 
possible.  Further  characteristic  properties  of  numerous  hetei^ 
poly  compounds  include  their  good  crystalllaablllty  and  thefr 
relatively  high  water  content  per  mole  of  Ihc  solid.  No  beteropo^ 
compounds  lacking  water  in  the  anion  complex  are  known.  Another 
pectdiarity  of  this  class  of  compounds  is  that  many  of  the  frbe 
acids,  as  well  as  their  salts,  crystallize  isomorphously  {2}.  jnse 
free  acids  are  rather  basic  and  the  formation  of  neutral  saSte 
occurs  only  as  an  exception;  generally,  only  acid  salts  ctoi^bei 
isolated.  The  free  acids  are  specifically  capable  of  formlBiK 
heavy,  oily  addition  compounds  with  ether,  even  when  thb  tatfe^ 
is  In  the  vapor  form;  these  have  only  a limited  mlsoihllity  with 
water  and  excess  ether  and  easily  decompose  [3],  TWs  properfty 
is  commonly  used  In  the  preparation  of  ttts  crysh^ine 

(see  below). 

Ic  general  the  heteropoly  compounds  of  tungstic  acid 
complexed  and  more  resistant  to  hydrolysis  than -those  of 
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^ Tiie  Rtnbilltv  within  th6  sam©  class  of 

otM^OUDds  with  phosphoric  and  suicic  ai-iuB 

»t  moljwc 

rather,  the  Mo  or  W Is  bomui  ..  . osHoa 
(41e  Wo  shall  omit  their  discusaiooe 
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2 See  e,g-,  A.  Rosenheim  and  J.  Jaenicke.  Z,  anorg,  Chem.  1^, 
" 23&’ (1912)1  101,  235  (l9l7)|  H,  Copaux.  Ann.  Chim.  Phys,  [8] 
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3.  E.  Drechsel.  Ber,  dtach.  chem.  Ges.  1452  (1687);  A.  Hnsen~ 
helm  and  J.  Jaenicke.  Z.  anorg.  allg,  Chem.  224,  250 
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4.  1.  Schulz,  Ibid,  291,  99  (1955);  31  (l956). 


Generdl  Meitiods 

1,  FREE  HETEROPOLYACIDS  BY  THE  METHOD  OF  DRECHSEL 

A splutioii  of  the  sodium  salt  of  a beteropoly  acid  is  concen-^ 
tpated  as  far  as  possible  (even  to  the  slrtipy  state),  placed  in  a 
aaparatoi^  ftmael^  and  covered  with  about  1/3  Its  volume  of  ether* 
The  funnel  is  shaken  vigorously  to  saturate  the  solution  with  the 
ether.  Ice-cold,  cone,  (37%)  iron-free  HGl  is  now  added  in  small 
portions,  with  vigorous  shaking  after  each  addition.  The  liquid 
must  not  be  allowed  to  heat  up  during  this  step;  if  necessary, 
Wte  B^aratory  funnel  should  be  externally  cooled  with  water, 
Tto  liberated  acid  immediately  forms  an  adduct  with  the  ether 
Md  sifliks  to  the  bottom  as  heavy,  oily  drops  which  form  a third 
layw.  When  this  layer  clarifies,  it  is  drained  into  a flask.  The 
J^ioa  is  TOmplete  when  addition  of  hydrochloric  add  does  not 

ether-solution  interface.  The 
volume  of  HgO,  and  the  ether  Is 
*4^off^  drawag  a stream  of  clean,  dry  air  throu^  the 
I aqueous  solution  of  the  add  is 

^ipient  e^stalliaation,  in  a vacuum  desiccator 

S2e^ci“’S2t,  to  absorb  the  still 

£«i^  la  deotccat^o™  *^5?‘^"^r’“^®  should  be  orys- 
“ oeetocator  over  PjOs,  in  which  case  this  is  done  to 


3.  iSO-  ANO  H£T£ROP{^LYAjCtDS  AND  THEIR  AALT*  - 

prevent  deCDinposition  of  the  heteropoly  acid  by  yolatHl^^Um  Vjf 
the  boric  acld^  Only  hydrochloric  acid  should  be  used  for  extr^iitill 
since  the  ether  a<^uct  is  always  capable  of  absorbing  fUe 
and  the  latter  can  then  be  removed  more  readUy  ibm  eitber 
sulfuric  or  nitric  acids, 

2.  free:  HETF.ROPOLY acids  V]A  ION  EXCHANGE 

The  advantage  of  this  method  lies  In  the  high  purity  of  the  final 
product.  The  starting  materials— heteropoly  salts  prepurified  by 
many  recrystallizations  and  extremely  soluble  in  water— are  best 
prepared  by  the  method  given  below  (see  3)*  in  view  of  the  vety 
pronounced  acidity  of  the  heteropoly  acids  and  their  fretpieiit 
sensitivity  to  reducing  agents^  it  is  desirable  to  use  cattoa  ex- 
change resins  carrying  sulfonic  acid  groups  (e,.g-,  Permutlt  BS), 
which  exhibit  only  a strong  acid  function  and  have  almost  no 
reducing  power.  The  operating  conditions  depend  on  the  sensi- 
tivity, quality  and  quantity  of  the  heteropolyacid  to  he  preparedt 
and  can  easily  be  optimized  in  preliminary  experiments.  The 
following  rules  of  thumb  should  be  observed:  The  exchange 
capacity  of  the  resin  normally  amounts  to  about  2 meq./cm.  (bulk 
volume);  it  is  desirable  to  work  with  starting  solutions  which  are 
as  concentrated  as  possible;  the  throughput  of  &e  solution  through 
the  column  should  be  low  (approx.  2-5  cm Vmin*),  The  free 
heteropoly  acid  solutions  should  be  concentrated  on  a steam  bath 
or  in  a desiccator  and,  if  needed,  crystallized. 

The  method  fails  with  heteropoly  salts  wboae  aqueous  soluttons 
exhibit  a strong  acid  reaction.  Additional  complications  arise  ll 
salt  impurities  (NaCl,  NaNOs,  etc.)  are  present  in  the  solution; 
since  these  salts  produce  HCl,  HNOai  etc.*  during  passage  throng 
the  column,  A too  strongly  acid  medium  hinders  the  formation 
of  free,  crystalline  heteropoly  acids  during  concentration  of  tjie 
eluate.  ^ " 

The  one  advantage  of  this  method  has  already  been  menttonjsd; 
The  disadvantages  are  that  one  must  begin  with  pure*  cryetaUlne 
alkali  salts  (which  in  some  cases  can  only  be  obtained  by  the 
roundabout  route  of  first  preparing  the  free  acid  by  Drcobsel^s 
methof^,  and,  in  addition*  the  heteropoly  acid  solutions  oMaiiied 
by  Ion  exchange  arc  often  relatively  dilute  so  that  their 
tration  is  time-consuming.  — 

3.  heteropolysalts 

■ ■ - V/Jt 

If  the  salts  cannot  be  syntbesissed  from  their  component^  W . 
cannot  be  isolated  in  pure  form,  they  may  be  conveideiittSy^j^ 
talned  from  moderately  concentrated  solutLcne  of  their  ■ 

super  saturation  with  metal  chlorides*  or  in  better 


im 
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nkE*r  form  by  uddlttoti  of  stoiohiomotrlc  quantities  of  the 
SS^T^^^bonate  should  be  adtod  c^efuJly.  since  an 
Will  bkduoo  decomposition  of  the  heteropolyanion. 

KbT^KENCCS: 

1*  B.  Drecbsel.  Ber.  dtsch.  chem.  Gee. 

beim  and  J.  Jaenicke.  Z.  anoxg.  allg.  Chem.  1^,  224  <1917) 

2.  Based  on  unpublished  experiments  of  G,  ^rtel, 

Q Bak^r,  Ba  Loev  and  Tb.  P-  McCutch6on*  J*  Amer* 
cUm".  Soo.  72.  2374  (1&50);  K.  Klement.  Z,  anorg,  Chem,  ||0, 
267  <l949);  Hein  and  H.  Lilie.  Z,  anorg.  allg.  Chem.  270, 
4$  (1952). 

3,  A.  Rosenheim  and  J.  Jaenicke,  Ibid.  224(1917);  H,  Copaux. 
Ajm.  Chim.  Pbys.  (8)  17,  217  (1909). 


JSOPOLY  COMPOUNDS 
Uopolyvanactaf^s 


I,  T^cSvdiuD  Sflb  2Na2f^  ■ ^2^5  ' 


2>3gL2VO*(aq.)  + 2HCIO4  SNatO  V^a  (aq.)  4 SNaClOj 
5e7.9  200.9  AOSlO  ^ 244,3 


A 1.1  M Wa3V04  solution  Is  prepared  by  dissolving  VaOs  in  the 
stoichiometric  quantity  of  carbonate-free  NaOH  solution,  bo  that 
3 moles  of  Na  are  present  per  mole  of  V ; this  corresponds  to 
100.0  g;  of  VaOa  and  132,0  g,  of  NaOH  per  liter*  Then,  100  ml,  of 
this  solution  is  acidified  by  dropwlse  addition  of  24,9  ml*  of  4*44N 
RCIO4  (vigorous  mechanical  stirring).  The  solution  is  briefly 
healed  on  a steam  bath  to  achieve  equilibrium,  whereupon  the 
orange  liquid  becomes  colorleBs.  This  Is  then  concentrated  in 
ramam  at  25-30^C*  Tbe  resulting  crystals  are  filtered  and  washed 


srnoHmi 

Sodium  pyrovanadate* 
PnOPERTlES: 


f Water  content:  15  moles  of 

Bbfoied  fl.  s«it  nf  a molecular  wei^t,  should  be  con- 

nwied  a salt  of  a divanadic  add  HifVaO-?  ■ aq.^ 


tormaU  wet^  given  here 
oetupound. 


and  subsequently  refer  to  the 
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KEFEItSlMCES; 


G.  Jander  snd  K.  F.  Jahr.  aaorg.  Che>m,  21i, 
Kollold-Beihefte  41,  35  (1936). 

2.  The  Si>ii{uBi  Sell  Na20  - V2O5  ■ nq.  - - ' 

I 

SNajVO,  (aq.)  + 4HCIO,  = Ma,O  V,Oj  (aq.)  + 4NaQ04  . „V 
307.9  4D1.9  a^0;.9  4S9A  L 


A 0.812M  solution  of  KaaVOa  Is  prepared  as  in  (1) 

73.9  g,  of  VsOg  and  97.5  g,  of  NaOH  per  liter.  Then,  100  tpi, 
this  solution  Is  treated  with  57.5  ml.  of  2.54N  UCIO4  (drOpt^se 
addition  with  stirring}  and  briefly  heated  on  a steam  batb  iinijUi/ 
colorless.  The  mixture  Is  then  concentrated  in  vacuum 
30 °C.  After  filtration  the  crystals  are  washed  with  some  water. 


SYNONYM : 


Sodium  metavanadate. 


PHOPEHTIES; 


Colorless,  water-soluble  crystals.  Water  content;  3 moles  ^ 
HgO/mole.  In  keeping  with  its  molecular  wei^t,  should 
aldered  a salt  of  a tetravanadic  acid  HefViOia  * aq,)* 
authors  also  consider  it  as  the  derivatiTe  of  a trivanadic 
KafVsOg  • aq.). 


SEFSttENCES:  . . , 

G.  Jander  and  K,  F.  Jahr.  Z.  anorg,  allg,  Chem,  ail,:.53  \ 

Kolloid-Beihefte  41,  35  (193S). 

3.  The  SddLum  Salt  3 NA2O  ■ ■ «q, 

lONajVOj  (aq.)  + 24HC104  = 3Na>0-5Vt0s{aq.)  4-  24NapK3®4^| 
1839.4  2411.3  10955  ^MwSWlB 


The  0.812M  NasVQt  solution  (160  mi.)  is  py&pi^ced<*&PiS 
and  3B1  ml,  of  O.Sbi  HCIO4  is  added  dropwlse  with  stlrtdQ^.^^ 
mixture  is  then  allowed  to  stand  for  about  14  days 
flask.  At  first  it  becomes  diurk  red,  changing  to  a peultWt 
brighter  orange-red  in  the  course  of  tlm&f’  it  is 
in  vacuum  at  25-30*C,  The  crystals  which 

some  water.  ’ i' w 


ITM 
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PfiOPERTreS: 

c™.n  oranae-red  platelets  with  beveled  edges,  or 

tbid  rhombohedra.  Grinding  changes  the  crystals  into  ® 
wUow  powder.  Soluble  in  HaO.  Water  content:  22  moles  of 
S 0/mole.  In  keeping  with  the  moleetdar 

sidered  as  a salt  of  a pentavanadto  acid  H7{ V sO  jg  aq.)  [G- 
ftier  and  K.  F.  Jahr,  KolJold-Beihefte  41,  35  {193S)J.  Regarded 
bv  many  authors  as  a mixture  of  salts  of  different  basicity,  all 
of  them  derivatives  of  hexavanadio  acid  • aq.)  [see 

P.  SoQchay  and  G.  Carpeni,  Bull.  Soc.  Chlm,  France  (5)  13,  160 
(1946);  A.  Rosenheim.  Z.  anorg.  alig.  Chem,  96,  l39  (1916)J. 


REFEfiEUCE: 

G.  Jftnder  and  K.  F.  Jahr.  Z.  anorg,  allg.  Chem.  53  (1933). 


lilt  roia^siuiB  K2O  ' 


This  salt  is  obtained  from  solutions  of  commarcial  potassium 
'^metavanadate'’  {1*04  K^O  - ■ 0,78  HsO}  by  addition  of  1*4 

moles  of  acetic  acid  per  mole  of  vanadate. 

Commercial  potassium  '‘metavanadate'^  (7  gj)  is  dissolved  in 
25  ml-  of  water  in  a beaker  placed  in  a large  heating  bath  (VS'^C), 
The  hot  solution*  which  is  about  2M  in  vanadiunip  is  then  treated 
with  70  ml-  of  IM  acetic  acid  added  from  a burette  whose  tip  is 
immersed  in  the  vanadate  solution  (vigorous  mechanical  stirring). 
The  acetic  acid  Ls  introduced  at  the  rate  of  1 mlVmiimte,  The 
red  solution  is  allowed  to  remain  in  the  heating  bath  until  the 
Utter  cools  to  room  temperature  (about  15  hours).  The  clear 
solution  is  then  cooled  to  0*C  to  induce  crystallization*  The 
c^stals  are  filtered  off  and  washed  with  some  ice-cold  water  * 
then  with  acetone. 


raOPEETIBS: 

545,7^  Orangc-red  rhombic  crystals  or  hex- 

vSS  pyramids.  In 

Iwiiavtor  and  molecuiar  weight,  this  salt  also 
A pentavanadic  acid  Hb(VbO  3,6 . aq.), 

tf-Tbav^^  catlonlcally.  the  salt 


EZTEUS^C^z 


K,  Jabr  and  G,  Janderp  2,, 


anorg,  aUg^  Chem*  220*  204  (1934)* 


ISO-  AND  NETEHOPOt-YACtDS  AND  THEIR  SAUT9 


wwr 


liopolyniobfites 

Three  types  of  tmions  exist  in  aqueous  solutions  ofidUnU 
niohates;  these  are  in  reversible  equilibria  with  eaeb  oiliev'anA 
their  ranges  of  stability  depend  on  the  pH  of  the  solutton*  JM 
alkali  tsopolyniobates  are  salts  of  the  hypothetical  hexanlobto 
acid  HeNb^Oie.  The  general  method  of  preparation  of  tJuMse  daltlt 
in  which  six  to  eight  H+  are  replaced  by  M+  oonsiste  of  fusion  of 
Nbte  O5  with  alkali  hydroxide  or  carbonate,  solution  of  the  fused 
cake  in  H^O,  and  concentration  to  obtain  crystals.  The  ortho- 
niobate  MsNbOt  (M  = alkali  cation)  formed  in  the  melt  Is- ir»- 
reversibly  converted  to  an  isopolyniobate  by  treatment  wjfh 
water.  The  solubility  of  the  alkali  isopolyniobates  In  water  is 
strongly  dependent  on  the  size  of  the  cation.  Thus,  Li  sndNa 
Salta  invariably  dissolve  with  difficulty  (especially  in  the  presence 
of  excess  Li+  or  Na+)*  while  K,  Rb  and  Cs  salts  are  readily  to 
very  readily  soluble.  The  solutions  are  strongly  alkaline, 
alkali  niobate  solutions  are  very  sensitive  to  adds;  even  small 
amounts  of  mineral  acids  produce  irreversible  clouding  of  the 
solutions  or  precipitates  of  NbaOs^aq,  On  heating  to  over  300*0, 
all  alkali  isopolyniobates  lose  water  irreversibly  to ' give  the 
anhydrous,  insoluble  alkali  metanlobates  MNbOs. 

Mg[Nli50]9  * aq.)  or  4M2O  " SMbaOs  ' aq>  (8*6  type) 

8 MOH  + 3 NbtOi  ™ 6 M,NbO,  + 9 H*0  (fusion) 

6M,NbO^  + SH,0  = M»  [Nb*0,t ' aqj  + iOMOH 

If 

To  prepare  the  K salt,  NbaOe  and  KOH  (mole  ratio  ~ 1:20, 
weight  ratio  ■^4:17}  are  heated  in  a silver  or  alumina  crucible 
until  a clear  melt  is  obtained.  The  melt  is  cooled,  ground  and 
dissolved  in  HgO.  The  solution  is  decanted  to  remove  any 
soluble  matter  which  may  be  present,  tben  concentrated  in  vacuum 
over  cone.  HaSO*  until  formation  of  crystals.  These  are  washed 
With  some  water  and  dried  on  filter  paper. 

The  corresponding  Na  salt  is  obtained  from  aqueous- sdlutiosis 
of  the  K salt  by  treatment  with  NaOH  (stirring.  The  - 

line,  white  precipitate  is  filtered  off,  washed  with  water , 
and  ether,  and  dried. 

psopsams; 

Well-crystallized  salts;  the  water  content  varies  somefii^at 
depending  on  the  method  of  preparation.  The  large,  ,tr.anMa|jf^: 
crystals  of  the  K salt  effloresce  when  stored  under  . 

desiccating  conditions;  they  then  become  cloudy,  but 
good  solubility  in  water.  ‘ 


11M 


n,  SnUlTHEfl  ANO  <5.  JANDEP 


Tw — on  the  condltloiia  of  precipitation  (hot  or  ice-cold 
8-e  sodium  salt  gives  differing  crystalline  forms 
w laafleW  v^cb  also  ^fer  in  their  water  content. 
aqStms^solitlons.  salts  of  the  type  MefNheOy,  * aq.]  are 
stable  only  at  pH  > IS. 


MrlUNWOiv  • «|-1  or7M20  ‘ ^NbjOs  - «q-  (7'>* 

M,tNb.O„  sqJ  + H.O  = |HNb,0,»  ‘ aqj  "i-  MOH 


T^o  reCTyfltallizatlonB  of  the  8j6  sodium  salt  from  HsO  afford 

NaTtHNb^Oiff-aqJ.  mk  ^ 

Another  method  of  preparation  starts  with  the  fusion  of  NbgOe 
with  NagCOa  (mole  ratio  ~ 1:4,  weight  ratio  ~ 5:8) | the  cooZed  melt 
is  ground,  treated  with  a large  amount  of  HsO,  and  stirred  for 
sever aj  hours.  Since  the  solubility  of  sodiimi  niobate  is  poor, 
only  the  excess  NagCOa  dissolves  in  this  operation.  The  residue 
is  recrystallized  from  HgO  to  give  pure  7:6  sodium  niobate. 

The  corresponding  K salt  is  beat  prepared  by  addition  of 
alcohol  to  solutions  which  contain  10  weight  percent  or  more  of 
pure  8:6  potassium  niobate. 


t'AOFESTIES: 

The  7:6  sodium  niobate  forms  long  crystalline  needlesj  water 
contesi;  32  moles  of  HgO/mole. 

The  7:6  potassium  niobate  precipitated  with  alcohol  readily 
loses  its  water  of  crystalllsatton  and  forms  lower  hydrates;  e.g., 
at  100*C,  it  gives  the  penta-  or  tetrahydrate,  and  at  iSO'C,  the 
dlhydrate. 

In  aqueous  solutions,  salts  of  the  type  M7(HNbeO»  * aq.]  are 
stable  <nay  in  the  pH  range  of  9 to  13. 


(«.lNh*0„  ■ aq.l),  (6  Mrf)  * 6 Nb.0,  • aq.).  (6:6  typf.) 


nMj[HNb,0„aq)  + nH.O  = (M,tNb,0,s  ■ aq.]).  + nMOH 

ai^eoufl  Solution  of  8:6  potass  turn,  niobate  (or  a con- 
c^ated  solution  of  7:6  potassium  niobate)  Is  treated  by  dropwise 

(cooling  in  ice, 
*****  methyl  alcohol,  and  dried  under 

PWEVTlES: 

soluble  in  water.  The  water  content 
vpeasta^  on  the  conditions  of  preparation.  The  hsrdrated 


3.  ISO-  AND  H£T£ROPQ(,VACIO$  AND  THEIR  SALT*  -i 

■ '■■■^ 

motsnlobate  is  stable  only  in  aq^ueouB  solutions  of  ftH  < S 
as  far  as  the  region  of  tbe  Isoelectrlo  point,  wblch  ooomw  41419  ' 
~4.5).  At  higher  pK  values,  changea  first  to  toe  7:6  type  (pH  '' 

and  then  to  the  3:6  type  (pH  > 13).  Based  on  dlfiustoD  mesMtte^ 
inents,  the  anion  ([NbeOj^e  ‘ aq,]^  )„  has  an  ionic  weltfbit  ~3O0O 
{n  = 3-4) , so  that  the  designation  In  toe  heaidlng  of  this  section  ^ 
preferred  to  the  formulas  MsO  < NbaQe  * aq,  or  MNbO«> 
which  are  sometimes  encountered, 

SErESENCES: 

G,  Jander  and  D,  Ertel,  J,  Inorg.  Kuolear  Chem,  n*  W 

(I960);  A,  V.  Lapitskiy  and  V.  I,  Spitsyn.  Zh,  Prllcl, Khtiiii, 
36.  lOi  (1953);  F,  Windmaisser,  6sterr.  ChemileeT-Ztg.'  46. 
201  (1942);  P.  Siie.  Ann,  Chimie  [llj  7,  493  (1937), 


Isopolytontolotea  o.' 

As  far  as  the  general  method  of  preparafion  of  alkali  lsopoly>’ 
tantalates,  their  water  solubility  and  their  thermal  behavioir  are 
concerned,  the  introductory  remarks  made  in  the  section 
iaopolyniobates  apply  here  as  well.  However,  the  oomposlfioni^ 
the  alkali  isopolytantalates,  l.e,,  the  base:aoid  ratio,  is  tkotyet 
completely  clear.  While  some  authors  find  hexatantelales  (8;6) 
exclusively,  others  have  established  that  only  pentatantalatos  (7:5) 
exist,  and  still  others  insist  that  both  types  of  compounds  0CC!(!^ 
together,  and  are  possibly  related  to  each  other  via  a regloitiiL 
which  only  one  exists. 

For  this  reason,  we  have  given  here  several  prooedures  taken 
from  the  original  references, 

■ ■ ■: 

L ■■ 

K7[TbjOi5  ^ aq.]  or  7KgO  * 5Ti2  0s  ’ (pflfllatantHlfttft,  7i5  lyp*)  [ 

- aq*l  or4K20  ■ STajOg  ‘ aq.  (texatftnLaUtCf  fi:6  lypc)  ^ 


EithOT  TasO^  and  KOH  (moie  ratio ^1:20,  wel^  ratio 
TaaOs  and  K^COs  (mole  ratio  ™1;4)  are  heated  InasUveror 
alumina  crucible  {or  a platinum  TesBel)  until  a clear  meUiS'OlH  ^ 
talned.  The  melt  is  cooled,  ground  and  dissolved 
solution  is  decanted  from  any  insoluble  matter  and 
in  vacuum  over  cono.  H^SOa  until  crystallization . oQCttPsto^^mi^ 
crystals  are  rinsed  with  HsO  and  dried  on  filter 
crystal  size  increases  with  the  esKoess  alkali hydroodde  or 
present  in  the  mother  liquor. 

PHOPEBTEESf 

Hexagonal  prismatic  columns  up  to  1 loii| 
edges;  effioresce  when  stored  under  sharp^desi^cMIb 


ft,  GftOTTNtfl  AN*  JANOER 


ItMOly  acd<*ie  In  water,  giving  a strong  alkaline  reaction.  The 
<rf  wiitejp  of  orystKUisfttioft  varies* 


REV^R^NCCS: 


G, 


Jwder  and  H.  Schulz*  Z« 
G,  Jander  and  1^*  Ertel 
F*  Windmalsser, 

(1941), 


anor^*  flllg.  Ch6ni*  l^t  233  (1925); 
J,  Inorg*  Nuclear  Chem,  3j  l39 
Z*  ajiorg*  allg.  Chein,  j48»  283 


!S«7lT*s0i6  • or  7N»20  ■ STazOs  < aq.  (pentaloolalMl4 

A mixture  of  TasOg  and  NaOH  (mole  ratio  1:5,  weight  ratio 
11:5)  is  melted.  The  melt  is  cooled,  ground,  dissolved  in  H3O 
and  treated  in  the  cold  (stirring)  with  O.IN  NaOH.  Pure  white  Na 
pentatantalate  predpltatea.  It  is  washed  with  HgO,  alcohol  and 
ether,  and  dried.  Sodium  pentatantalate  also  forms  when  the 
aqueous  solution  of  the  melt  is  evaporated  at  85’C. 

Attemate  method:  The  same  salt  is  obtained  by  treatment  of 
a hot  potassium  tantalate  solution  with  hot  aqueous  NaOH, 

pJJOPEarEEs; 

Small  prismatic  needles;  3.78,  Water  content:  22  moles 
of  HaO/mole;  moderately  soluble  in  water.  The  pH  of  a 1% 
solution  is  8,48. 

HEFEil£NC£S; 

V.  L Spltsyn  and  N.  N.  Shavrova,  2h,  Obshch.  Khim.  1258 
(1958);  G,  Jander  and  0.  Ertol.  J.  Jhorg.  Nuclear  Chem.  3, 
X39  (1956). 

N«s(r.«0i9  . aq,}  0T4Na20  ■ STajOs  ■ aq.  (hcxaUatalBle) 


(mole  ratio 

cooled,  ground  and  treated  with  ten  times 

lEsTufSinH  alkali.  The  residue  is 

assoived  in  at  80"C  and  concentrated  at  50"C. 


raoPEiniES: 


wntent;  33  moles  of  HgO/mole; 

““  ”*  hnatotuate  belc^s 


3.  ISO-  AND  HETEROPOL.YACJOS  AND  THEtR  MLW 


REFEBEHCESi 

V*  I,  Spiteyn  and  N,  N,  Shavrova*  Zh,  Obahch.  Kbim,  2§,  1266^  r'/ 

{1356}.  .■  : . 


Isopotyarsonqfds 

Sotliun  Hydrogen  Trintsf^imtc  Nas  H2  AsjOio 

3 NaHjAsO.  ■ H,0  Na^HjAsiOis  + S H*0 

545,8  (incL  H2O)  455,7  90,1 


hi--. 

J* 


. >*:> 

This  salt  is  formed  on  dehydration  of  NaHaAsO-*  * HaO* 
slow  heating  of  the  starting  material  yields  several  intemiedlRfi^ 
products  (NaHaAsOi  and  Wa^HgAsaD?),  Which  transfoim 
135*C  to  the  triarsenatfi  NaaRaAsaOis,  The  last  is  stable  tip  to 
230®C*  Rapid  heating  of  the  starting  NeH3As04  ^ HsO  to 
peratures  above  96'’ C yields  the  triar senate  directly,  ■-  ;,  > 

The  best  method  of  preparation  is  to  place  al>ont  10  g.  of 
NaH^AsO^  * HaO  P*  ®02)  in  a weighing  bottle  and  heat  it  to 

constant  weight  (about  25  hours)  in  an  electric  ftimace  at  135^ C, 


PBOPEBTIES:  i 

' ' 

Absorbs  HbO  from  air  at  room  temperature;  after  several  inter^ 
mediate  stages,  NaHM504  * HsO  Is  fin^y  regenerated, 
ately  hydrated  to  the  orthoarsenate  upon  solution  in  water,  Con,r 
sidered  by  TMIo  and  PLaetschke  to  be  the  doubly  axsid  salt.cji 
the  pentabasic  triarsenic  acid  HsAsaOm  = As^s  * Vs 
the  preparation  of  AsaOe  - Vo  HaD,  see  this  handbook,  p.  601J 


REFERENCE; 


K*  TMlo  and  I.  Plaetschke,  Z.  anorg,  Chem,  260,  315  (1949). 

Isopolychromates 

P*iftsaium  Tridiromate  KgO  ■ SCrOj 


AS" 


ao  (Upeaoq#;, 


This  salt  is  formed  oa  carefiil  evaporation  of 
solution  of  KaCrgO?  and  exosss  CrOa- 

A solution  of  11,0  g,  of  K^r^7  and  17,4  g,  of  CrO^ 
ratio  KaOiCrOa  = 1:6.66)  in  22.0  nal.  of  watw  ifi^ipTopMndiSl^) 
a t^perature  at  wldch  the  solution  ha; 
eO’C  yields  t^ep  red  ctyetal^.  llie  liquid 


trio 


a.  cwOttner  and  a.  jaxder 


li  aU.  and  than  decanted  rapidly  while  eUll  ^ crystals 

axo  dried  l»y  pressing  on  filter  paper,  yield:  about  7.S  g. 


PROPEm-ffiSr 


Formula  weight  394.8,  Deep  red  prisms,  containing  no  water 
of  crystalltaationj  decomposes  on  soHiti<^  In  water.  Kable  in 
sobitlong  <Mily  dn  the  presence  of  excess  CrO^  or  cone.  HNO3. 


Tfirttchtowale  KjO  ■ 4Ct03 

This  salt  is  obtained  from  aqueous  solutions  of  K gCrgO?  in 
tbe  presence  of  a large  excess  of  CrOg.  The  evaporation  should 
not  be  carried  too  far, 

A saturated  solution  of  16,67  g,  of  KaiCrsO?  and  43.43  g.  of 
CrOs  <mole  ratio  K,:CrOa  = 1:10.15)  In  40.9  ml.  of  water  is  pre- 
pared at  60*C  and  concentrsted  at  this  temperature  to  about  10  ml. 
The  nascent  crystals  are  separated  and  dried  as  described  In  the 
case  of  the  trichromate.  Yield:  about  13  g. 


PflOPEHTlES: 

Fonmula  weight  494,2,  Brownish  red  tablets,  containing  no 
water  of  crystallisation;  decomposes  on  solution  in  water.  Stable 
in  solutions  only  in  the  presence  of  excess  CrOa  or  cone,  HNO3, 

aaFEHSNCES: 

E.  Jager  and  G.  Kriiss,  Ber.  dtsch,  chem,  Ges,  22,  2040  (1689),* 
F,  A.  H.  Schreinemakeis.  Z,  phys,  Chem.  55,  71  (1906), 
Checked  by  the  present  authors. 


Isopotymolybdoies 

The  compounds  described  below  should  be  considered  derlva- 
ttves  of  a hexamolyhdlc  acid  Ha(ModOai.aq,)  [see  G.  Jander  and 
K,  F.  Jahr.  KoUold-Beihefte  27  <1935  )j. 

Sdi  5Nh20-  12Mo03-a,j, 


12  MoO,  + 10  NaOH 
1727,4  40(1.0 


5 NstO  • 12  MoO]  (aq,) 
BMr.3 


2*  So  iOO  ml*  of  bot  H3O,  and 

(f  nftrrnnnri  w!?*  oooled,  clear  solution 

nece  earj^  Is  about  S.  it  is  evaporated  in  a vacuum 
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desiccator  over  H^O*  to  3/4  to  2/3  of  its  origiDta  ' 

compound  precipitates  in  the  form  of  a slurry,  which  Is  fUtaMd  '' 
ftiid  washed  with  some  H gO* 

SYNONYM; 

Sodium  paramolybdate-  / 

PROPEHTtES: 

According  to  Boseohelm,  large,  lustrous  manocUnic  prIsMB 
which  effloreace  easily.  Water  content:  38  moles  of  HgO/tnole^ 
Soluble  In  H2O.  In  our  own  experiments,  evaporation  InvacuiiDtl 
or  on  a steam  hath  gave  a granular  white  mass,  which  was  not 
significantly  soluble  in  water  either  after  drying  or  when  fresUy 
prepared  and  moist. 

nErEtlENCE; 

A,  Rosenheim.  Z.  anorg,  allg,  Chem.  96,  143  (1916),  Checked  by 
the  present  authors. 


The  AiDtRdniuiD  Sail  S(NH4)20  < I2M0O3  ■ aq. 


The  reaction  vessel  is  a porcelain  dish.  It  contains  20  g,  of 
M0O3,  covered  with  230  ml.  of  cone,  ammonia.  The  solution  is 
gently  evaporated  on  a steam  hath  (solution  temperature  60-70 
until  the  excess  NH3  Is  removed  and  the  first  crirstals  form 
(this  occurs  upon  concentration  to  about  1/5  of  the  original 
volume) . The  concentrate  is  cooled  and  the  crystals  aretilfex^ 
off.  Yield:  about  20  g.  ; 


PKOPESTIES: 


^1*  '*f 


\ 


Formula  weight  1987.B,  According  to  Rosenheim,  large, 
colorless  hexagonal  prisms,  moderately  soluble  in  HaO.  Wate®’ 
content:  7 moles  of  HaO/mole.  This  product  Is  tite 
molybdate  of  commerce.  Its  aqueous  solution  gives  an  add  : 
action  and  the  compound  undergoes  hydrolytic  cleavaj^onji^j 
longed  boiling.  Our  own  experiments  sdelded  small,  white < 
soluble  in  hot  H3O. 


aEVERENCEt 


A.  Rosenheim.  Z.  anorg.  allg.  Chem.  '96.  IM-*  (1916)^ 
the  present  authors.  '■  ' ’ ^:»i 


I7M 


. eiltlTTOER  AND  6.  JANDEH 


IV  s«h  N*jO  ■ 4MoOa  ‘ nq< 


4N%Mda(^*l-)  ^ 6HCI  = Na.O  4M«0„(aq.) 

S.  ■(KJf-S 


6 NdC\ 
aw.7 


A aoluUon  of  3.3  g.  of  NasMoO*  ' 2 HjbO  in  alwut  & ml,  of  hot 
whlll  smi  hot,  with  11  ml.of&,5NHCladded 
d^ise  from  a burette.  The  initial  precipitate  r edis sol ves,^ving 
a vSilowish  solution.  The  li<^id,  in  a stoppered  Erlenmeyer  flask, 
is  left  in  a cool  place  to  crystalline.  A crystalline  crust  appears 
after  24  hours  and  its  thickness  increases  in  the  course  of  the 
next  few  days.  The  crystals  are  filtered  off,  washed  three  times 
with  cold  water,  and  dried  by  drawing  air  through  the  crystal 
layer*  Yield:  6 g. 


SYNOfflTM: 

Sodium  metamolybdate. 

PROPERTIES: 

Relatively  long  needles,  partially  pulverized  when  touched. 
Moderately  soluble  in  cold  HgO,  very  soluble  in  hot*  Water 
coutent;  6 moles  of  HsO/mole. 

REFERENCE^ 

G,  Wempe^  2,  anorg.  Chem*  73,  302  {1912).  Checked  by  the  present 
authors* 


liopolytungstofes 

The  compounds  deacritaed  below  are  derivatives  of  a hexa- 

‘ -Jander  and  K.  F.  Jahr, 

KcUoid-Belhefte  18  (1955)]. 

The  felt  SNa^O  ■ 1SW03  ■ aq. 

12Na,WOaaq.)  + 14HC1  - 5Na,0  - 12  WO,(aq.)  + HNaCl 

30M.0  aiB.3 

.2  40  ml.  of  hot  H.0  ifl 

in  ofNaaWOa)*  The  pR 

— *■  » AMrtA^fitpj.  at  ^ allowed  to  otystalRae  In  a 

• wmocatoT  at  room  temperature  over  H^O*. 
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SYNONYM: 

Sodium  paratungstate- 


PROPERTIES:  ' . 

L^tge  transparent  or  millsy-wbHe  trichUnic 
content:  28  moles  of  HsO/mole.  Beadily  aolubtle  in  wai^.  dllj^ 
hydrates  exist  at  higher  temperatuTes.  The  recent  vlewn  ' 

complex  processes  involved  In  the  formation  of  paratun^iaiifjfe 
are  given  by  Jander  and Kruerke. 

REFERENCES;  , 

A.  Rosenheim.  2.  anorg.  allg.  Chem.  Mi  (1916):  C.  Sobefbleifv 
J,  prakt.  Chem,  83;>  2S4  <1861),  Checkedbythe  present  anthOTB* 

G.  Jander  and  U.  Kriierke,  Z.  anorg.  allg.  Chem.  2S5I'li44 
<195i).  '■  ' 


The  AnniDRium  Sail  S(NH4)2  0 • I2WO3  • a<f. 

Hydrated  tungstic  acid  is  dissolved  in  excess  ammonia* 
the  solution  is  concentrated  on  a steam  bath  or  at  room 
ture,  whereby  the  excess  ammonia  evaporates.  "■ 


SyWONYM: 


Ammonium  paratungstate, 

PROPERTIE3! 


kl"; 


Formula  weight  3042,72,  Microscopically  small,  rectangiiaBr  , 
tablets  when  the  solution  is  evaporated  at  high  temper  attires^ 
Water  content:  7 moles  of  HgO/molo.  A different  hydrate 
at  room  temperature  and  bdow.  Rather  sparln^y 
HaO.  On  prolonged  boiling  in  aqueous  solution,  the  salt 
lytically  decomposed  and  loses  NHg,  . N i.r  is 


REFERENCE: 

A,  Rosenheim.  Z.  anorg.  allg.  Chem.  96*  158  (i9l^> 
The  Zih*  Suit  5ZnO  • I2VO3  - «q. 


5 NftiO  ■ 12  WO,  (ftq.)  + SZnSO,  ~ SZtiO ' 12  WO,  (aq.)  + 5Ns,SO* 

. 3W3,0L  807X  .'3^  - : -lAi" 

A adutlon  is  prepared  by  heatings  a inlxtitr^f 
Parattaigetate . (prepared  aS.  above)  hS; 

mixture  Is  then  reacted  with  a warimi  satuiatfe^^ifllttfteifcS 


1714 


chOttner  ahd  G,  jawder 


..  n r.  1 ^ Irtl  of  water,  A white  precipitate  forms, 
ttL  JSue,  ~t.  II  IS 
wd  dried  over  cono.  KgSO-t* 


STNOimi: 

Zinc  parfttungst&te* 


PHOPEKTIES: 

White  needles  or  fine,  crystalline  precipitate;  poor  solubility 
in  Water  conCenti  35  moles  of  HsO/inole. 

REFERENCE: 

A,  Bosflnteim*  2,  anorg.  allg*  CheiHt  96,  162  (1916),  Checked  by 
the  present  authors^ 


j^opcIysuDote^ 

Pf>i4s^iuii  TrianUfii^  JtjjSjOiQ 

L KySOi  f 250^  - K;S,0,d 

r74.^  160.1  334.*^ 

. ^ 

According  to  Bmimgarten  andThllo,  may  be  prepared 

from  by  treatment  with  SOa,  The  apparatus  used  is  shown 

in  Fig*  342. 


VBCUUJtt 


Fig*  342*  Preparation  of  poUssium  tri  sulfate,  j fla^k 
with  oleum;  b reactor  tube,  here  shown  surrounded  by 
^ electric  tubular  furnace;  d flask  with  cone. 
j*3  The  reactor  tube  c is  loiiger  in  relation 

to  other  parts  of  the  apparatus  than  shown. 


^aratue  are  cowiected  by  eroiwd  Joints. 

SLSS?^,.  and  14  g,  of  (^ydroos 

Fbo^piiwto  add.  StojicoclE  plugs  i and  2 should  £ of  as  a 
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diameter  as  possllile;  atopoods  3 may  be  of  normal  Blzfti 
tboroug^  drying  of  all  parts  of  the  apparatua  a boat  of  ' 

glazed  porcelain,  or  platinum  containing  finely  powdered,  ■ 

is  inserted  into  reaction  tube  b',  following  this,  adaplwr^’''^'~ 
and  flaelc  d (containing  96,5%  are  altaobed.  Stopcock : 

closed,  and  the  section  Is  evacuated  with  an  aspirator,  Step^bk^' 
3 is  then  closed,  and  the  apparatus  is  left  to  dry  a wldUr, 
Flask  a is  then  filled  with  70%  oleum,  a Ibw  glass  bcad^are'^-' 
added,  stopcock  1 is  reopened,  and  the  entire  E^iparatus  is  rqddty  ' 
evacuated  with  the  aspirator,  so  that  the  oleum  evolves.  Stopcocks - 
3 and  3 are  then,  closed.  The  fiask  containing  the  oleum  le  heated  ^ ' 
to  about  llO’C  in  a sulfuric  acid  bath  until  enou^  SOa  disl^s 
and  condenses  in  tube  b to  entirely  surround  the  boat  with  tbA 
liquid.  Flask  a is  then  allowed  to  cool  somewhat  and  stopcock  1 Is 
closed.  Tube  b [between  1 and  2)  is  heated  externally  to  50-53*’C, 
using  a sheet  iron  heating  trough  lined  with  asbestos,  »xd  covering 
the  top  with  asbestos.  The  trough  is  heated  with  a row  burner, 
while  the  stopcocks  and  flasks  are  insulated  with  asbestos  to 
prevent  heating.  The  60-53 temperature  desired  Is  measured 
in  the  space  between  the  reactor  tube  and  the  trough.  Alter- 
natively, an  electric  furnace  maybe  used,  as  shown  In  the  figure,  - 
In  the  next  two  hours,  the  K;^Q«  will  sinter,  become  a shmy 
and  finally  convert  to  a clear  liquid.  If  the  quantity  of  SO3  present 
ts  insufficient,  the  melt  may  resoli^fy.  At  the  end  of  (he  reaction^ 
stopcock  2 is  reopened,  flask  d is  cooled  in  ice,  and  the  exoesk 
SO3  is  (fistilled  onto  the  cooled  H^O«,  first  at  room  temperature 
and  finally  by  heating  the  reaction  tube  two  hours  atlOO'C.  The 
apparatus  la  allowed  to  cool  and  stopcock  3 is  opened;  Utile  or  ^ 
no  fuming  should  then  occvir. 


II.  2 KCIO,  + 8 SO,  = K,S»0„  + 0,0, 

277,1  S40.3  33J-4  182-9 


According  to  Lehmann  and  Kruger,  the  reaction  of  SOa  -l 
KCIO*  produces  potassium  trisulfate  and  CI3O7;  the  lattot^MSitfi^^ 
solves  in  the  excess  SO3.  The  residue  obtained  on  vacuum  evttp?  , 
oration  of  the  excess  SOa  and  the  CI3O7  is  cMorine-free,  stolcU^  , "r. 


metric  K^aQw.  ~ 

Extremely  dry,  fine  KCIO4  powder,  free  of  leducli^lmpaidl^a^  W 
is  placed  in  the  apparatus  of  Baumgarten  and  Thilo  shown4iit(B|te;vS 
342  and  treated  with  SOy-free  SOa  at  25-30*C  until  the 
of  the  boat  become  completely  liquid.  Excess  SOa'and'01'S©T®ifi^^ 
then  absorbed  In  cone.  at  room  temperatime,  while  vacumk  - 

is  applied  at  3. 

PBOPertihS;  , . , 

According  to  recent  studies,  K^^aOio  te  thbrmfiaF 
llO'C.  Above  tids  temperature  the  vapor  pressure  otS0i:*» 


•,  «Ht)TTWS"  *N0  G.  JAHDER 

decomposes  into  potassium  pyrosul- 
to  MMsft  Ukd  by  the  method  of  Baumgarten 

lkt»  «Bfd  $0»,  The  K*s»0»  ^ KTOund  to  a fiae  powder. 

^ Ibtio  IS  a wMch  C"'  ^ adduct  of  sulfuric 

n atasoxte  water  froio  the  “ sulfate.  It  decomposes  immedi- 
«eld  and  pyrosulfate  fljiat  stage  of  decompoeitlou, 

^ reuavsly  p»«r 

solubility  Is  fomnod. 

REFERENCES' 

p.  Baimwarten  and  E.  Thilo,  Ber.  dtsch.  chem.  Gea  II.  2596 
n938l*  H A.  Lehmann  and  G.  Kruger.  Z,  anorg.  allg.  Chena. 

141  "(1973)j  H.  A,  Lehmann  and  A,  Kluge.  Ibid,  2^,  120 
(1951). 


HETERPOlV  COMPOUNDS 


124gngstic  Acld^l-Bo rates 


Id  keeping  with  their  constitution  and  molecular  weight,  these 
Compounds  should,  be  regarded  as  salts  of  12— tungstic-'l-boric 
acid  HslBOtfWaOs)^  * aq,]  [R.  Signer  and  H.  Gross,  Helv.  Chim. 
Acta  17.  1076  a«34)3. 


The  Free  Acid  BjOj  ■ 24VO3  * aq. 

The  first  step  inTOlves  the  preparation  of  a solution  of 
5 Na^O  - B2O3  * 24  WO3  * aq,  from  NasW04  * aq.  and  H3BO3.  A 
large  excess  of  boric  acid  is  used  to  bind  the  alkali  of  the  MasW04 
and  to  ensure  that  the  solutloa  remains  acidic.  The  acid  can  be 
isolated  from  the  solution  of  the  sodium  salt  by  addition  of  ether 
and  mlfiiric  acid  according  to  the  method  of  Drechsel  (see  p. 
17M  U), 

A solution  of  100  g.  of  NasWOi  • 2 H3O  and  150  g.  of  HgBOa  is 
prepared  in  400-500  ml,  of  boiling  H3O,  The  solution  is  boiled 
wdU  a sample  deposits  no  tungstic  acid  when  dil,  HCl  is  added. 
Tte  suhitiaD  Is  cooled,  aucUon-fil^red  to  remove  the  boric  acid 
” aodlimpotyborate  crystals,  reacted  again  with  70  g.  of  HaBOa, 
sdconeeiitrated  ever  a free  flame.  The  crystalline  mass  which 

filtered  off  and  washed  with  some 
iMther  liquor,  which  contains  5 NaaO  • B^a  • 
34WQa  - aq,.  is  exited  with  2-3  volumes  of  33%  HsSO*and 
caar  oogwduig  to  the  method  of  Drechsel.  For  fdrther  workup 


3.  ISO-  AND  K^T^ROPOLYACIDS  ANO  TMEiR  SALTS 


I^f7 


PROPERTIES: 

Formula  weight  5634,3,  Two  forms: 

a)  Perfectly  clear  octahedral  cryatalSt  inltl^y  bil^  lAifc 
acquiring  a greasy  luster  and  a yellowish  cast  on  storage;  other- 
wise, can  be  stored  for  a long  time.  Water  content;  6S  or  66^ 
moles  ofHHO/mole.  M,p*4&-5l®C.  Soluble  in  water. 

b)  Hexagonal  needles^  less  stable,  more  apt  to  become  yellow 
and  cloudy.  Water  content:  53  moles  of  HaO/mole*  Soluble  In 

The  mn^p.  cannot  be  detertnined,  since  heating  causes 
composition.  These  crystals  were  formerly  thought  to  be  those  of 
an  isoborotungstic  acid. 

REEEHEKCE; 

A-  Rosenheim  and  J*  Jaenicke*  Z,  anorg,  Cbem.  77,244(1912); 
236  (1917). 

Tlic  Sadiui33  Salt  5NagO  ’ ^ ' *q+ 

The  crystalline  sodium  salt  is  best  prepared  from  the  free  acid 
by  addition  of  the  stoichiometric  quantity  of 

BaOa  24WOa(aq.)  + 5 Na-COj  = 5 Na*0  ■ BA  ’ 24  WOj  (aqj  + SCOi 
SfiSixT  sao.o  5945.T 

A solution  containing  34,4  g,  of  free  12-tungstic-l-botio  acid 
{equivalent  to  about  41,6  g,  of  the  hydrated  acid)  is  reacted  with 
3.1  g*  of  anhydrous  Na;^Oap  and  concentrated  first  on  a eteam 
bath  and  then  in  a desiccator  over  cone. 

PHOPEHTIES: 

■¥■  1 

White,  well- formed  octahedra.  Soluble  In  HgO.  Water  cbotel^ 
58  moles  of  HisO/mole.  - ' 

REFERENCE: 

Rosenheim  and  H,  Schwer,  Z.  anorg.  Chem,  89,  236  (X9l4>«r  .A 


12-Tungstic  Actd-1-S11icotes 


In  view  of  their  structure  and  moleculax  weight,  all  compound 
of  this  type  should  be  considered  as  salts  of  l2-tungstte^l-6lUflte: 
acid  HJSi04(Wa0^4  • aq.}  fB.  Signer  and ®ross,S«^ 

AcU  17, 1076  (1934)].  : ' ' Hf-; 


Ill« 


GROtTNCR  JANDEP 


lU  rw*  \p*4  Si«a ' 12TO3  ■ «q> 

1* NitaWtX  i*Qj  - SiOf  ^ so  HCl  - 3 NaiO  • SiO-  - 12  WO,  (aq.J  + 20  NaCI 
ssaR9  »«s  729.4  asisT.i  ues-o 

Tte  te*e  acid  is  isolated  from  a solution  of  2 MaeO  < SiOa  ■ 
It  WO^  * aq<  by  the  method  of  Droch&elf  that  is,  extraction  with 

ottAr  and  cone.  HCl. 

A sotution  of  50  g.  of  NasWO*  ■ 2 H3O  in  400  ml.  of  cold  H3O 
Is  nrepaxedi  It  is  then  treated  by  dropviae  addition  of  about  27 
ml.  <rf  6N  HCl,  until  neutral  to  litmus.  The  white  precipitate 
termed  during  the  additton  rodissolves  on  swirling  the  flask. 
An  excess  of  freshly  precipitated  silicic  acid  hydrate  is  now 
added  to  the  soluHon.  (The  silicic  acid  is  prepared  as  follows. 
Commercial  sodium  silicate  Is  dissolTed  in  a minimum  of  cold 
HgO  and  made  neutral  to  litmus  by  dropwise  addition  of  cone. 
HCL  After  15  minutes  a small  excess  of  acid  is  added.  The  solu- 
tion is  decanted  and  the  precipitate  is  washed  once  or  twice  with 
cold  water,  which  is  likewise  decanted.) 

The  mixture  of  tungstate  and  silicic  acid  is  boiled  for  about 
two  hours  (the  liquid  being  kept  acidic  by  periodic  addition  of 
email  amounts  of  HCl)  until  a ftltered  sample  of  the  solution  no 
longer  precipitates  tungstic  acid  hydrate  on  addition  of  dll.  HCl. 
Tlie  solution  Is  filtered  to  remove  undissolved  SlOs  and  shaken 
with  etiier  and  none.  HCl.  For  further  workup,  see  p.  ITOl,  If 
the  free  acid  is  to  be  used  only  as  starting  material  for  preparation 
of  a salt,  the  oily  adduct  may  be  decomposed  at  about  40  "C,  the 
ether  removed  by  long  heating,  and  the  excess  hydrochloric  acid 
removed  by  drawing  air  through  the  slowly  solidifying  residue. 
Ibe  yield  Is  27  g.;  the  product  is  not  completely  pure. 

psora  irriES: 

FotuiUla  weight  2842,4,  The  acid  crystallizes  at  room  tempera- 
tart  In  colorless,  lustrous  octahedra:  m.p,  63' C.  Water  content: 
32  awaes  of  HdO/moie.  Readtiy  soluble  in  H3O.  Several  different 
ctystaUine  hydrates  exist,  one  of  which  is  denoted  the  "iso 
acid.” 


BEraraXCE: 

^ z-  anorg.  allg.  Chem.  lOl,  240 

(1317>.  Checked  by  the  present  authors. 

Ita  rxMflv  Silt  2KaO  - Si  O2  ■ 12  TO3  . i(j. 

Si(b'12WO,(aq,>  -h  2X,CO,  = 2K^  SiQi- l2WO,(aq.)  + 2 CO, 

2JB4  309I.S 

w Wlutlco  of  the  free  add  (alxjut  one  part  by  wei^ 

«r  aeU ta  tarte  or  Ibur  parts  of  whose  content  is  determl^ 
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by  evspor&tion  and  Ignition  ot  an  Is  treated  by  slow 

of  the  stoichlometFio  quantity  of  solid  K^COa  (two  moles  of  K^Os 
per  mole  of  aolcQ  while  applying  heat.  The  clear  solntimi,  wblcb 
must  retain  an  acidic  reaction,  is  evirated  on  a steam  baOi  to 
1/2  to  1/4  its  Tolume.  Coolingprecipitate8  2 K^O  • SlO*  * 12  WQa  * 
aq.,  first  in  hexagonal  prisms  and  then  also  ae  rhomblo  cryetdid# 
The  product  is  recrystallixed  from  hot  H3O. 

paOPERTlES; 

The  hexagonal,  colorless  prisms  effloresce  easily.  Water 
content:  18  moles  of  HsO/mole.  Readily  soluble  in  hotH^, 

somewhat  less  so  in  cold.  The  rhombic  crystals  are  said  to  be 
the  salt  of  the  so-called  '^so  acid";  they  do  not  effloresce  so 
rapidly.  Water  content:  9 moles  of  H^O/mole. 

reference. 

A.  Rosenheim  and  J.  Jaenlcke,  Z.  anorg.  allg.  Chem.  101,  243 
(1917).  Checked  by  the  present  authors. 


10-Tungstic  Ac1d~1 -Silicates 


The  Pat«9sivnt  Sail  TK^O  • 2S*0^-  20  WO^-  aq. 


This  salt  is  obtained  by  careful  decomposition  of  a 12-tungsilc 
acid-1- silicate  with  KaCOs. 

A Solution  of  8 g.  of  2 K^>SiOa«  12  WOa'aq,  In  a minimuin  of 
H ^ is  prepared  at  room  temperature  and  treated  carefully  (no 
heating)  with  a fairly  cone,  solution  of  Ks^03  fn  (2  moles  of 
K:^Oa  = 276,4  g.  per  mole  of  2 KaO*SiOg-12  WO3:  one  mole  cf 
the  compounds  containing  18  or  9 moles  of  HaO/mole  weight  335518 
or  3193.6  g„  respectively).  At  this  point,  the  solution  gives  a 
reaction,  and  the  desired  potassium  salt  crystallizes  out  imme^- 
ately  with  no  need  for  further  concentration.  The  salt  Is  wealed 
with  some  cold  water.  Yield:  4.5  g. 


FROPERTUrS: 

Pormula  wel^t  5416.78. 
23  moles  of  HaO/mole. 


Sparitling  crystals. 


'f 


Water 


REFERENCE:  ^ 

F.  Kehrmaim.  Z.  anorg,  Chem.  39,  103  (1904),  Cheeh^bS 

present  authors.  - j ''r  , 


vm 


k.  enOrrMBR  ano  e.  jamdea 


12-TwA9stic  Acid-1 -Phosphates 

their  molecular  weight  and  confitltaitlon,  these 
should  be  regarded  as  derivatives  of  a l2-tungatic-l- 
^ISaS^  acWH3lPOi<Wa0^4-aq,l  [J,  F-  Keggln,  Proc.  Roy. 

Sue*  AUi.  T5 

TVr  S>U  SNijO  • P^Os  ' 24^03  > aq, 

46HC1  = 3Na,0'PA'24W0s{aq.) 

1 077,6  5SW.C 

+ 46NaC! 
26SS.7 


a4Nat'WO»{»q.)  + 2Na,HPOi 
T0S.S  2W,0 


A sdutioo  of  5(1  g,  of  NasWOia  • 2 HaO  and  25  g.  of  Ns6HP04  * 
13  H3O  in  BO  ml-  of  H3O  is  evaporated  until  a surface  skin  of 
crystals  forms;  then  73  ml,  of  24%  KCl  (d  1.12)  is  added  with 
stiriir^.  A precipitate  forms  momentarily,  but  then  redlssolves 
completely.  The  solutton  is  reevaporated  on  a steam  bath  until 
a crystal  akin  begins  to  form.  The  product  is  recryatalUzed 
&t»n  HaO. 

PROPKimES: 

Large  colorless  (sometimes  slightly  greenish)  columnar  crys- 
tals. Water  content:  30  moles  of  RgO/mole.  Another  hydrate 
also  erlsts.  Soluble  In  H3O. 

BEFCnEHCE; 

A,  Rosenheim  and  J.  Jaeaicke-  2,  aaorg,  allg.  Chem.  101.  251 
(J.917).  Checked  by  the  present  author. 

lb*  Fite  Add  P2O3  ■ 24WO3  ■ aq, 

HiIb  salt  Is  obtained  by  Drechsel's  method  (p,  1700),  that  Is,  by 
eitracting  4 aolutitm  of  3 Na^*PaOe>24  WOa-aq,  with  ether 
wd  coQc.  HCl,  Li^t  yellow  or  green! &h  crystals  precipitate* 
Bcwever,  If  the  starting  sodium  salt  is  first  recrystalli^od  once 
Or  twtco,  tiK  product  cooBists  of  transparenti  colorless  oiystals* 
prepared  very  readily  by  ion  exchange  (see 
& ^ starting  solution  contains  20  g*  of  3 NaaO  * P3O  & • 

M WOj  ' aq.  in  lOO  cjl-  of  H2O*  The  oolerless  eluate  is  concen- 
tMted  i«  a vacuum  desiccator*  Yield;  ll  g* 

pmrmefc 


Kfimnia  wetgtA  S706*&9^  The  colored  crystals  disintegrate, 
* ^ ® houra,  to  a crystalline  po^rdar!  the  oolorlsBS 


3.  ISO-  AND  JHETEROPOLVACIOS  AND  THEIR  SALTS 


mt 

crystals  may  oft^n  be  kept  for  months^  Large,  luatr<niB  Octebedrs/ 
soluble  in  HbO*  Water  content;  63  moles  of  H^/mole*  TUs 
hydrate  readUy  converte  to  a hydrate  with  51  moles  of  H^/lttoilep 
which  forms  trigonal  crystals  and  begins  to  melt  at  89^C-p  It 
loses  its  wafer  of  crystallifiation  in  a Tacuum  desiccator  OVW 
Ha304* 

REFERENCES: 

A.  Rosenheim  and  J,  Jaenicke*  Z,  anorg*  allg,  Chem*  251 
(1917)  t G*  Jander  and  D,  Ertei,  xmpublished  experiments^ 


The  PtJtasj^iucQ  Sail  3KgO  - P^Og  ' 24TOa  * oq, 


The  Aaitnonium  Sail  3(NH4)20  ■ P2OS  ^ 24TO3  ^ aq. 

3 Na,0  ‘ P,0,  ^ 24  WOj  (aq.)  -h  6 KCl  [6  NH^Q] 

SS94.0  447,3  321,0 

- 3 KiO  * P^O^  ■ 24  WO,  (aqj  [3  {NHi)jO  ^ P^O^  ■ 24  WO,  (aq.)]  -f  6 NaCr 

Sft90J  $SS4,3  m7  \ 

A solution  of  the  free  acid  PsOb  * 24  WOa  * aq*  or  the  soAmt 
salt  3 NasO  * - 24  WO3  * aq,  is  treated  with  KCl  or 

A thick  white  precipitate  forme,  even  If  the  solutions  are  Tejty 
dilute  and  contain  free  mineral  acids.  ^ ^ > 


PROPERTIES; 

Microcryetalline  white  precipitates,  which  filter  with  di£6lctiLty« 
Very  poor  solubility  in  H 0O,  ' ' ^ 

'■i  V ■ 

HEFEaEKCE; 


F,  Kahrmann  and  M*  Freinkel-  Ber*  dtsch,,  chem.,  Gee*  ^/®S26 
(1891),  Checked  by  the  present  authors*  ^ / 

Tbt  Barium  Sail  3Ba0  * P^Og  - 24WO3  * aq-  ' . ' ^-'4 

^ . 

3 Na,0 ' P,05  ■ 24  WOi  {aqj  + 3 BaCis  = 3 BaO  ^ P,Os  ■ 24  WOj  (aqj  + 6 NaCf 
5694-0  ' S24.B  B1S6.1 

A saturated  solution  of  14  g*  of  3 " 24  WG^  ^ 

is  mixed,  whUe  hot,  with  60  ml*  of  hot,  saturated  BaCla  solt^te 
The  Liquid  becomes  cloudy , and  a heavy#  white  orystallliifii^ 
clpitate  forms  on  cooling.  Concentration  wiolh^ 

{not  too  far)  giv^  a second  fraiotiob  of  the  deslred^hBeipii 
Yields  about  7 g* 


4 


im 


I.  grUTTNEB  AHi>  G.  JANDER 


raowtras: 


W«U-'f6rtDed,  regulAT, 
t»  >lr.  W«tor  contoat;  68 


colorless  octshedra,  which  effloresce 
moles  of  HsO/mole,  Moderately  soluble 


RErtRENCE: 

F,  Kehnnaim  and  M.  Freinkel,  Ber.  dtsch,  chem,  Ges.  24,  2326 
<18S1>.  Checked  by  the  present  authors* 


22-Tungstic  Acid-2-Phosphotes 


TV  Potissii.  S*li  7KaO  ^ P^Qs  ■ 22W03  ■ aq. 

Pro<juced  by  careful  decomposition  of  a 12-tungstic  acid-l- 

pbosphftte  with  KaCOa*  ^ 

An  approximately  30%  suspension  of  3 K^O  ^ P^Os  ■ WOa  - 
aq*  in  water  is  heated  to  boiling  and  treated  with  about  10% 
KJZOs  solution  until  solution  ie  complete-  Excess  K^COa  should 
be  avoided*  The  solution,  which  then  has  a neutral  reaction,  is 
eraporated  on  the  steam  bath*  On  coolings?  K^O  * PsOs  » 32  WO3  * 
aq*  separates  out*  It  may  be  recryetalli^ed  from  H^O  which 
coatains  some  acetic  acid* 

PROPS  HTIES: 

Formula  weight  5902.3*  Large,  octahedral  crystals,  partially 
pireeeiit  as  spearlike  aggregates,  accompanied  by  a fine  powder. 
Soluble  in  hot  water,  less  so  in  cold*  Decomposes  in  the  presence 
of  free  mineral  acid  {see  next  preparation)* 

a£FEHENC£Si 

F*  Kehrmaim.  Z.  anorg*  Chem,  1,  435  (1892);  F,  Souchay,  Ann* 
Cfaimie  [12]  2*  204  (1947)*  Checked  by  the  present  authors* 


2LTungstic  Ac id-2-Phcsphciles 
1W  PviMliiB  Sail  3K2O  ■ P2O5  * 21 WO3  - nq. 


TnAiCed  from  7 ^ 22  WO3  * aq-  by  treatment  with 

In  addltlofi  to  the  desired  compoundi  the  potassium  salt  of 
la  ftpB^c-l-gfcogphorto  acid, 3 KgO  - * 24  WO3  * aq*^is also 


3.  tSO-  AND  NETER0P0L.YAC105  AMD  THEIR  EALTS  172# 

A cone,  solution  of  7 KgO  ■ PjsOe  - 32  WOa  • aq.  Is  pis^azed  dt 
the  boiling  point,  and  dilute  (about  7%)  HCl  is  added  dropwlse 
until  the  solution  becomes  acidic.  An  insoluble  white  predpitste 
of  3 K2O  ■ PgOs  * 24  WOa  * aq,  appeara.  TMa  is  filtered  off, 
and  the  filtrate  is  treated  with  KCl  powder  to  salt  out  the  desired 
compoimd.  The  latter  la  recrystallized  from  containing  two 
drops  of  HCl. 

1>H0PERTIE3: 

Formula  weight  5293. €,  HelatlYely  large,  lustrous,  hexagonal 
columns,  partly  intergrown.  Readily  soluble  in  H3O,  The  aqueous 
solution  is  unstable  on  boiling,  depositing  a white  precipitate. 

HEFEBENCES: 

F,  Kehrmenn,  Z.  anorg.  Chem.  1,  436  (1892);  P.  Souebay.  Ann, 
Chitnie  {121  2,  204  (1947),  Checked  by  the  present  authors. 


18-Tungstic  Acid-2-Phosphatas 

Rased  on  molecular  weight  determinations,  these  compounds 
should  be  regarded  as  salts  of  an  18-tung3tiC''2-'phospborlc  acid 
H6{{PCt{b)2(W30Q)a  ' aq.l  [G.  Jander  and  F,  £xner,  Z,  phys.  Chem; 
(A)  1^,  195  (1942)], 

The  Ammonium  Ssjl  ' 1^2 ' 18 ^0^  ' ait. 

A solution  of  NaaWO*  • aq.  is  boiled  for  a long  time  with  a 
large  excess  of  phosphoric  acid.  This  involves  an  apparently 
slow  condensation  reaction.  The  resulting  solution  of  the  sodium 
salt  of  18 -tungstic- I’phosphoric  acid  is  treated  with  solid  NB^l- 
to  salt  out  the  ammonium  salt. 

One  mole  of  Na^WO^  • 2 HaO  is  dissolved  in  hot  H3O  and 
treated  with  four  moles  of  phosphoric  acid  (in  the  form  of  a cone, 
solution,  d 1,17)  and  about  lOO  ml.  of  additional  HgO.  The  yellow 
solution  is  boiled  for  3-5  hours  while  stirring  and  replaolng 
water  lost  by  evaporation;  the  boiling  point  is  108“C.  To  reinove 
any  reduction  products  which  may  have  formed,  a few  drops  of 
nitric  add  are  added  at  the  end.  As  the  solution  cools,  solfd 
NH4CI  is  Jiridpri  untn  the  deslred  ammonium  salt  3 (NH4)aO  * 
PaOfi  ' 18  WO3  is  completely  precipitated  and  the  solution  become# 
colorless.  The  salt  is  filtered  out,  redlSBcived  in  hot  HaOi  and 
lepreclpitated  with  cone.  NH*Cl  solution.  It  is  then  filtered;  cut 
again,  washed  and  recrystalllaed  twice  from  water;  the  firqJi;. 
crystal  fraction  Is  discarded  each  time.  An- ana2ytloally^;iP^?^ 
preparation  is  thus  obtained, 


ItM 


a.  grDttmer  and  s.  jander 


AtBBAQnduiii  lutaophospliobingstEte. 

PaOPEKFIES: 

Faro»iI&  weight  4471.7.  Lemo&-yellow  or  pale  yell ow-greea 
Mehnic  crysUls*  Water  content:  14  moles  of  H^O/mole,  Soluble 

in 

REFEEIENCES; 

F,  Kehnnann-  Z*  aaorg*  Chein-  l,i  432  (l692);  Ber*  dtsch*  chem, 
Ges,  130B  (18S7);  G*  Jander  and  Banthien,  Z,  anorg, 
allg.  Cbern,  m*  142  (1936), 


TLe  Fpet  Acid  P20s  ■ 13^03  ■ ft<|n 

Obtained  by  the  method  of  Drecheel  (see  p,  1700  f,)  from  the 
solution  of  the  sodium  salt  described  in  the  previous  preparation* 
It  can  also  be  prepared  by  ion  exchange  {cf*  p*  1701),  using  a 
solution  of  lO  g,  of  3 (NE4)aO  ' PaO&  * IB  WOa  " aq.  in  50 
of  HaO.  The  eluate  is  clear  and  pale  yellow-green.  It  is  concen- 
trated in  a vacuum  desiccator*  Yield:  9 g* 


SYNONYM; 

Lnteophospbotungstic  acid. 
paoFEariES; 

Formula  weight  4315*4*  M,p.  28"C*  Lemon-yellow  hexagonal 
tablota*  Water  content:  42  moles  of  H^D/mole*  Readily  soluble 

BEFEEEHCES: 

A.  Roseobetm  aad  J.  Jaenicke,  Z.  anorg,  allg.  Chem.  261 
(1917);  G.  tTsuder  and  F,  Eiin«,  Z,  phye.  Chem.  (A)  190, 
J95  (1942);  G.  Jand^r  and  D,  Ent6l.  Unpublished  experiments. 


«r 


12'TiPtigstic  Acid-1 -Arseuafes 

^MldSF  with  the  iZ-tungstio  acld-l-phoephAtes,  compounds 
* should  be  regarded  as  salts  of  a 12-tunestic-l- 

«ld  H4AsQ,(WjjOB)j*aq.]  [J.  W.  Dllngworth  and  J.  F, 
I,  t,  Cbem.  Soc.  (Londoi^  1935.  5751. 


3*  tSO-  ASO  HETEBOPOJ^VACIOS  MQ  TTiCift  SALTS 

AIL  tungstic  aoid  ArseDatea  resemble  elosely  the  tmigietlc  add 
phosphates  in  their  maimer  of  preparation  and  their  behador* 
They  are  only  a little  less  stable^ 

Thu  Ammonium  Salt  3(NH4)^0  - AsgjOj  ■ 24TOj  - aq* 

Obtained  by  addition  of  NH4CI  to  a solution  of  the  eorrespondtnis 
sodium  salt  3 NaaO  - AszO&  " 24  WO3  * aq*,  which  is  not  known  to 
exist  as  a soIidU 

3 NajO  ■ AsjOs  ■ 24  WO*  (aq .)  V 6 NH*C1 
S9S1.9  321_0 

= 3(NHi)rf>As^('24WO,(aq.)+  6NaCl 

5952Li  350.T 

A solution  of  52,8  g.  of  Na^WO*  * 2 H^O  Is  prepared  by  heating 
a mixture  of  the  salt  and  sufficient  water  to  make  the  final  ti^olume 
90  ml,  A second  solution  is  prepared  from  2*3  g*  of  As^D^and 
15  ml*  of  very  eoncentrated  aqueous  NaOH,  and  is  then  diluted 
with  water  to  a final  volume  of  70  mi.  After  cooling,  both  solutions 
are  combined  and  treated  with  cone*  HCl  until  the  mixture  Is 
strongly  acid  {pH  paper)*  This  requires  15-20  ml*  of  cone*  HCls 
The  resulting  mixture  is  unstable;  on  long  standing,  a white 
sediment  is  formed*  Therefore  21  g*  of  solid  NNUClisaddiM 
immediately;  the  mixture  Is  heated  once  to  boiling  and  allowed  to 
stand  for  two  hours  on  a a(eam  bath*  The  white  precipitete 
is  filtered  out*  washed  first  with  NH*C1  solution  acidified  with 
HCl  and  then  with  some  cold  HaP,  anddtied  In  a desiccator* 


PROPEimES; 

Fine  white,  crystalltne  precipitate*  Water  content  1 12  mdlqB  ^ 
HaO/mole*  Relatively  sparingly  soluble  in  HaO*  . Vii! 

REfT&flENCES:  . ' 

F,  Kehrmann,  Z*  anorg.  Chem*  286  (1900);  A*  BoaenbatniLvaiid 
J*  Jaenickc-  Z*  anorg*  allg*  Chem*  101,  268  (1917), 
by  the  present  authors.  " - ' 


IS-Tungstic  Acid-2-Ar*0not0s 


These  compounds  are  exactly  the  same  In  appearsnc<s 
ivater  cjontent  as  the  18-tungstlc  acld-2-pbosphates*  The  mr 
monium  salt  and  the  free  acid  are  obtained  by  methods  ' ?! 

those  compounds  (see  p,  1733),  using  arsenic  .acid  ^.r- 

phosphoric*  ^ 


B orUttner  AND  a-  JANOEH 

4TK  "• 

, AssOs  * 18  WOa  • aq*:  4404.4;  3 (NH^),©  - 

Asrf>*  * 18  WOs  ’ 45«0'®* 

IttrSKENCCS: 

IT  -«n«F  rhem  22,  290  (1900);  A.  Fosenheim  and 
"iSSca.  2 ^rg.  allg/ch^m.  101.  270  (1917). 


6-Turtgstic  Acid-1 -Tettu rotes 

In  keeping  with  their  molecular  weight,  these  compoimds 
should  be  ecnsldered  6- tungstic  acid- 1-tellu rates  (salts  of  a 6- 
tUBgstic-l-tell«rlc  acid  HalTeO^.e  WOa  ■ aq.])  fG.  Jander  an<iK,F. 
Jaht,  KoUold-Belhefte  308  (1035)], 


The  Cflcildielani  Sail  3(CN3H^)afl  - TeO^  ■ 6WO3  ■ 

Tungsten  (VI)  oxide  is  dissolved  in  guanit^nium  carbonate, 
HCl  is  added  to  ensure  the  level  of  acidity  required  for  the 
formfttiQn  of  8 heteropoly  qompoimd,  and  the  required  quantity 
of  telluric  acid  is  intro^ced. 

6{CN,H.),CO.  + H,TeO.  + 6 WO,  + 6 HCl 
lOSJ-O  229C  139I.S  E18.S 

= 3(CN,H,),OTeO,-6WO,(aq.)  + 6(CN,H,)CI  + 6 CO* 

1915.6  513.1 

A boiling  aqueous  solution  of  0.06  moles  of  guanidiniuin  car- 
bouate  is  gradually  treated  (stirring)  with  0.06  moles  of  fine 
yel^  tungstic  acid  powder  (not  too  strongly  ignited).  The  tungstic 
s^diSBolves.  The  solution  is  filtered,  and  0.06  moles  of  HCl  is 
added  te  the  clear  Hltrate.  The  nascent  precipitate  is  rediesolved 
addition  of  hot  H3O,  Then,  0.01  moles  of  telluric  acid  is  added, 
jtt*  desired  salt  crystallizes  out.  It  is  reorystallized 


rnoPEBTEES; 


piatellke  crystals,  Kelalively  poor 
ill  BaO.  Water  content:  3 moles  of  HaO/moIe. 


1.  afiherte,  Ihesu. 


Univ.  of  Berlin,  lOii. 


a.  ISO-  AND  HETERD^OLYACfDS  AND  THEIR  $AI.T9 


Metatungstat«s,  DDde<;a^ung$tates 

la  keepiiug  with  their  molecUL&r  wei^t  aitd  structure,  thefts 
contpounds  should  be  considered  salts  of  a dodeeatimgstlo  add 
H6IHbO*(W309)4  * aq,l  [aee,  for  example,  G,  Jfander,  2,  phys, 
Chem.  (A)  1^,  149  (1940);  K.  Signer  aad  H.  Gross,  Helv,  Chiip. 
Acta  17,  1076  (1934):  G,  Schott  and  C,  Harsdorf,  Z,  enorg,  allg. 
Chem.  15  (1956)].  P.  Souqhay  [Ann.  Chim,  (11)  1;  169 

(1943)}  terms  the  product  obtained  by  acldb^cation  of  amono- 
tungstate  a (Jj-metatungstata,  These  compounds  are  hexatuagstateSi 
and  also  differ  chemically  from  the  ^^true**  matafaMigatatea , but 
they  are  not  identical  with  the  “paratungstates,’'  [See  G.  Jander 
and  U.  Kriierke,  Z.  anorg,  allg.  Chem.  268,  244  (ISSl),] 

The  Sodium  Salt  Ka^O  - ■ aq. 

I,  5 Nai-O  - 12  WO,  (aq.)  + 8 WO,  ~ 5 [Na,0  • 4 WO,  (aq.)] 

3032.2  18S4,9  4047.1 

A dilute  solution  of  sodium  paratungstate”  5 NaaO  • 12  WOa  - 
aq,  is  boiled  with  an  excess  of  yellow  tungstic  acid  hydrate  until 
a filtered  sample  no  longer  gives  a precipitate  of  tungstic  acid 
when  treated  with  dil,  HCi.  The  solution  is  then  filtered  to  re- 
move the  excess  tungstic  acid  and  the  insoluble  white  products 
formed  during  boiling.  The  filtrate  is  concentrated  somewhat  on  a 
steam  bath  and  allowed  to  crystallize  in  a desiccator  over  HafSOt. 

II.  The  salt  may  be  prepared  more  simply  as  fdltcwa; 

Na,W04(aq.)  + 3 WO,  = Na,0-4W0,(aq.) 

fl93,3  695-0  989,4 

A Solution  of  20  g,  of  NSijWO,  *2  HgO  in  200  ml.  of  H;;0  fe 
prepared  and  an  excess  of  yellow  hmgstic  actd  Is  added  to 
portions.  The  suspension  Is  boiled  for  about  1,5  hours,  widdp 
produces  white  Insoluble  precipitates,  settling  out  together  wlt^ 
the  excess  tungstic  acid.  The  pH  of  the  solution  after  boiling 
filtration  is  about  3.  It  is  concentrated  as  described  above.  \/y' 

■> 

SYNONYM; 

Sodium  metatui^tate.  ^ > 

• , : 4 

PHOPEBTIES: 

Colorless  tetragonal  bipyramldB,  Water  oontent;  10 
HaD/mole.  The  crystals  effloresce  easily,  and  lose  almost; . 
their  water  over  Readily  soluble  In  HaQ-  < f - : 


cmUttner  anp  g.  jamder 

Wm»iCE& 

C,  Sdwllil^r,  J*  prakt,  Chem.  83,  301  (1061), 
D„  Aidltexrs*  «^periments. 


TW  Srtii^3*lt  AgsO  ■ 4t0a  - M 

Ni,0'4WO.(*q.)  + ZAgNO,  = Ag*0  ■ 4 WO,  («q.)  + 
gs^^  SS9fl 

A soJytton  of  “sodlmn  metatungstate”  NagO  * 4 WO3  • a<l- 
allowed  to  react  with  a solution  containing  the  equivalent  quantity 
of  A^Oa.  A white  precipitate  slowly  crystallizes  out. 


pfiOPEariES: 

Small  white  scales#  Water  content:  3 moles  of  H^O/mole* 
Quite  insoluble  In 


REFEAENCE] 

A-  Rosehbeim  end  F-  Kobn,  Z*  anor^a  Chem*  69*  250  (1911)« 


Tfce  Frte  Acid 

The  free  acid  may  be  isolated  from  a solution  of  NasO  * 4 WOa  * 
aq.  (see  above  for  preparation)  by  Drechsel's  method  (ace  p* 
1700  f The  oily  ether  addition  piquet  ia  best  distributed  onto 
several  watch  glasses  * which  are  then  placed  tn  a fast  stream  of 
dry  air*  The  product  is  then  rapidly  dried  by  presaing  on  clay 
Idates*,  This  affords  a relatively  stable  preparation,  which  is 
Bolnlde  in  forming  a clear  solution*  Some  preparations 

convert  to  yellow  tungstic  acid  in  only  a few  days- 

Better  results  are  obtained  if  the  acid  is  prepaored  by  ion 
eoKhange  (see  p*  1701)  from  ciystalline  '^sodium  metatungstate*" 
A aolutioQ  of  20  g,  of  the  sodium  salt  Ka^aO  - 4 WO3  * aq-  in  50 
ml,  of  H3O  is  used.  The  clear  eluate  does  not  hydrolyjEe  when 
concentrated  in  a vacuum  desiccator.  White  crystals-  Yield; 
leg- 


PaDPEHTIEfl: 

Fommlft  weight  945-5.  Large  octahedra;  according  to  some 
also  rbombohedra  or  bipyr amide;  readily  effloresce  in 
Air.  Water  oontent:  B moles  of  H^o/mole;  some  authors  report 
4nbilm  from  tfalB  value.  Readily  soluble  In  HaO#  Dilute  solutions 
2?  *■  extended  periods  of  time*  but  coagula- 

Nm  mmh  on  heatit^  Concentrated  solutiotsis  often  coagulate 


3.  ISO-  ANO  HETSROPOLYACEDS  and  TNEtR  SALTS 


I72fi 


even  at  moderately  high  temperatures*  Because  of  Its  ccmetitution 
and  chemical  behartor,  this  acid  should  be  considered  aheteio* 
poly  compound, 

rgferences 

A-  Roaenheim  and  F*  Kohn.  Z,  anorg,  Cbem,  6$,  £53  (1911);  O, 
Jander  and  D.  Ertel.  Unpublished  e;qporinienta. 


l2-Motybdic  Acld-KSMicates 

In  keeping  with  their  constitution,  all  compounds  of  this  com- 
position are  saltsof  al2-molyhdic-l-siUcioacidH4tSi04<Mo30B)4  • 
aq.J  fJ.  W.  Illingworth  and  J,  F,  Keggin,  J,  Chem,  Soc.  (London) 
1935.  5751. 

Th«  Soiiiinn  Salt  2Na20  ■ S1O2  ■ 12lito0j  ' aq. 


The  procedure  given  below  affords  a nitric  acid- soluble  solution 
of  the  sodium  salt,  which  is  the  starting  material  for  the  prepara- 
tion of  the  rubidium  or  cesium  salts.  Since  this  solution  of  the 
sodium  salt  also  contains  a very  large  quantity  of  NaNOg,  it  cannot 
be  used  directly  for  the  preparation  of  the  crystalline  sodium  salt 
or  the  free  acid  (by  Drechsel’s  method). 

I£NafMo04(&q.)  + Na^SiO,  + £2HNOs 
3471.2  122.1  1388.4 

= 2 Na<<)  ■ SiOt  ■ 12  MoO,  (aq.)  + 22  NaNO, 
1911.3  ision 

Solid  NaOH  (60  g.)  is  dissolved  in  400  ml.  of  boiling  sod 
a total  of  172  g,  of  M0O3  (free  of  ammonium  salt)  is  added  in  portions 
during  the  course  of  10-1 S min.  When  this  is  completely  dissolyed, 
bollii^  is  Interrupted  and  500  ml.  of  cold  H^O  te  poured  in.  Then. 
250  ml,  of  HNO3  (d  1.39)  is  made  up  to  360  ml.  with  water,;  anid 
portions  of  this  are  rapidly  added  to  the  molybdate  with  constflnjt 
stirring.  No  appreciable  amount  of  precipitate  should  form.  The 
sodium  silicate  solt^ion  descrltaed  below  is  added  immediately  ftf 
a thin  stream  and  with  constant  stirring,  ' ' 

The  sodium  silicate  solution  is  made  by  dissolving  2 S gi:  of 
commercial  crystalline  Na^lOa  » 9 H^O  in  125  ml,  of  3N  NaOH 
end  boiling  iO-16  minutes  to  effect  conversion  to  the  monoslUcate. 

The  solution  of  2 NagO  - SiOg  • 12  MoOg  is  intensely  yellow 
and  Is  not  as  stable  as  soluHons  of  other  heteropolysalta.  ttte 
therefore  advisable  to  maintain  the  oondlttonw  specified.' abWE^t- 
particularly  as  f ar  as  the  IJt  concentration  is  Cflocereed. 


B.  ORSJrmKK  AMD  5.  JANOEH 


A aoWhw  U»  socttum  salt  is  used  In  the  potassium  industry 
mtaldiuin  and  oesium  from  carnalKte, 

f>oraHila 

RSFVR£SCV: 

G.  bandar  and  F,  Busch.  2.  anorg.  allg.  Chem,  187,  173  (1930). 

n»  S*h  2BhaO  - SiOa  * I2M0O3  ■ a«i 

IW  Cmim  S«tt  SCajO  - S1O2  - 12Mo03  - aq. 


SN»,0'SiOi'I2MoO,(aq.)  + 4RbCl  f4CsCl] 

1911,5  ^83^  ff73.5 

= 2RbiO*SiQi  l2M£iO,(aq.)  [UCsiO  ‘ SiO,  ■ 12  Mt>Oa  {aq.)]  + 4NaCl 
^m.4  E351-1  3^3 

A nitric  acid  solution  of  the  sodium  salt  described  above  is 
treated  at  about  65'^C  with  a solution  of  RbCl  or  CsCl,  Cooling 
to  40-50*C  gives  a fine  yellow  crystalline  precipitate  of  the 
jvbidium  or  cesium  ssdt, 

rnOPEBTlES; 

Fine  yellow  powder.  Relatively  poor  solubility  In  cold  HaO, 
bettor  in  hot. 

EEFEatWCE: 

G-  Jander  and  H-  Faber*  Z.  anorg.  allg*  Chem*  r79*  323  (1929)* 


12-Molybdic  AcidnUPhosphctes 


to  keeping  with  their  structore,  compounds  o£  this  class 
be  classified  as  salts  of  l2-raoiybdic-i*phosi)horic  acid 
Ba[FOf(Uo:aOp)4  * aq.]  W*  Illingworth  and  J.  P,  Kegsdn.  J* 
Chem*  Soc*  (liondon)  1935.  57  5J* 


nr  A«Mi«  Salt  3(Nfl4)20  ■ PjOg  - 24MoOa  ■ aq. 

S(5(NH4)^'12MaOi(aq.)]  + 2Na*HPOt  + 18HNO, 

2M4)  11344 

= S(NHJ,OPiOra4MoOi{aq.)  + WNH^NOi  + 4NaNO» 

1120.7  34(X0 


M Na»iiP04  in  s mixture  of  300  bqI,  of 

^ 4»'W|  #nA  300  nm  <jf  BgO  is  pineparsd,  cu^iled  and 


3.  JSO-  AND  HCTCnoPOUYAClDS  AMD  THEIR  SAL.T9 


♦7W 


mixed  with  a clear,  cold  solution  of  200  g.  of  conuoeroi^  am- 
jnonliim  molybdate  [this  generally  is  5 (NIUJaO  - 12  MoOa  * «q,; 
see  p-  1711]  in  the  minimum  of  HaO;  ttie  last  flolutton  Is  added 
in  a thin  stream  and  with  stirring.  A precipitate  forms  tmmea' 
ately.  It  is  washed  with  hot  HaO  to  which  a few  difopa  of  ocmc. 
HNO3  have  been  added. 

The  ammonium  salt  Is  of  value  in  analytical  chemistry,  where 
it  is  used  for  the  determination  and  separation  of  phosphoric 
acid. 

PKOPESmS: 

Deep  yellow,  mlcrocrystalline  salt,  soluble  with  great  tWft- 
culty- 

REFEREKCE: 

F,  Kehrmann.  Z,  anorg.  Chem.  7,  417  (1894). 


Tbe  Free  AciiJ  FjOg  ■ MMoOg  > a<j. 


2HjPO^  + 24MoOj  ~ P,0,  -24MoOi(aq.) 

19S.0  9454.a  3S96.6 

About  30  g.  of  M0O3  is  added  in  portions  to  a boiling  solution 
of  6.3  g.  of  35%  phosphoric  acid  in  100  ml.  of  HaO,  and  ^e  boiling 
is  continued  for  another  2-2.5  hours.  The  insolubles  are  removed 
by  filtration  and  the  yellow  solution  is  shaken  with  ether  to  purify 
the  crude  product.  It  is  unnecessary  to  add  acid  here.  Further 
workup  is  the  same  as  on  p.  1701,  Yield:  about  20  g*  The  crys- 
tals thus  obtained  may  be  recrystallised  from  a small  amount  of 
hot  water  to  which  some  HNOs  has  been  added.  ‘ 

The  success  of  the  preparation  depends  on  Oie  availabUlliy-iSf 
ammonium-free  M0O3.  Commerlcal  M0O3  frequently  contain? 
Some  ammonium  ions.  To  purify  tWls  material,  the  proper  qinmtify 
is  dissolved  in  an  excess  of  pure  aqueous  NaOH  and  (he  solutfbh 
is  boiled  until  NH3  can  no  longer  toe  detected.  The  moly^o 
acid  is  reprecipitated  by  careful  addition  of  cone,  UNO®.  Ttcls 
freed  of  HNOg  and  NaNOs  toy  several  decantantions  wlthwalei: 
and  filtered  out. 

raOPERTIESt 

Well-formed  orange-yellow  octahedra,  Vei^  readify 

HaO.  Water  content:  63  moles  of  HaO/mole, 

76  to  98“C.  Other  hydrates  also  exist. 


int 


B,  enUTTNER  ANO  <5.  JANDEH 


HSFCNatCE: 

A»  J*  JEenlclt®'  Chem.  1^,  248 

(I9t7).  Chocked  by  the  present  authors. 

tw  Soli  SBoO ' PzOs  ■ 24M40a  • *q- 

Tfcls  salt  is  obtained  by  treatment  of  the  free  acid  with  BaCl2 

SCdUtiOQ. 

P/X‘24h*o04(aq-)  ' SBaCh  + 3H|0 

S2^.S  54,0 

- 3B^O  F^i‘24MoOj(aq,)  6H0 

4066.8  218.8 

A clear  cone,  solution  of  the  free  acid  is  mixed  with  excess 
hot,  saturated  BaCla  solution.  The  barium  salt  separates  at  once 
as  coarse  crystals*  These  are  filtered  out  and  washed  with  small 
amounts  of  cold  then  recrystallized  twice  from  hot  K20to 
which  some  HNOa  has  been  added, 

PKOPERTIES: 

Lemon-yellow  octahedra;  appreciably  soluble  in  H3O, 

RTFERCNCE; 

F,  Kchrmann,  Z,  anorg.  Chem,  7*  417  (1894),  Checked  by  the 
preseikt  authors. 


18-Motybdic  Actd-2-Phoiphotes 

^ analogy  with  the  18-tungstlc  acId-2-phosphates,  compounds 
of  tbiB  class  should  be  classified  as  salts  of  an  XS-molybdic-2** 
fiiOBphoric  acid  H6[(P0i)a  tMoaO^)  s ' aq,], 

Ihe  Fn*  Acid  P^Os  * 16MoO^  ■ Dq. 

sodium  salt  of  18-molybdic- 2-phosphor ic  acid  is  prepared 


+ I8M0O1  3NaiO-P*Oaa8MoOi(aq.) 

239U  2^iea 

■ ■ a«ad  to  then  obtained  by  DreghseBs  method.  Singe  the 

P*®**®*.  ^ contaminated  with  12*molybdic-l- 

2'b5^ ““  » p™- 


3,  150-  ANO  HETEROPOLYACIDS  AMD  THEIR  SACTS 

A boiling  solution  of  NaaPO*  Is  treated  with  portlonfi  olMoO« 
(Na3P04:MoOa  mole  ratio  = 1:9).  The  aolutloii  lafUteredaAd 
concentrated  to  a small  volume.  Any  reducttoa  produote  piresent 
are  oxidized  by  means  of  some  bromine  water.  The  free  add 
is  obtained  from  the  solution  by  extraction  with  ether  and  BCI 
{see  P.  1700  f,).  The  IS-molybdlc- 2- phosphoric  acid  fbiis  prepared 
is  never  pure,  but  still  containe  rather  large  amounts  of  12- 
molybdic-1 'Phosphoric  acid.  Therefore  the  aqueous  solution 
the  acid  is  treated  with  slrupy  phosphoric  acid,  the  latter  being 
added  in  a quantt^  correspondUt^  to  the  amount  missing  In  the 
formula.  (Roughly,  it  may  be  assumed  ttiat  about  l/3  of  the 
heteropoly  acid  product  is  still  in  the  form  of  12-moiybdlC-l- 
phosphorio  acid.  To  convert  this,  two  moles  of  K3PO4  are  re- 
quired for  three  moles  of  PgOs*24  MoOg-aq.)  The  aqueous 
solution  is  allowed  to  stand  until  or  K salts  cause  no  further 
precipitation.  The  free  l8-molybdlc-2-phosphoric  acid  tiien  sepa- 
rates out  in  a vacuum  desiccator  over  cone.  H^SOi, 

3YMONYM: 

Luteophosphomolybdic  add. 

paoPEams: 

Formula  weight  2733,06.  Orange- colored  prisms,  readily  sol- 
uble in  HgO,  Several  hydrates  exist;  various  water  contents  are 
reported  by  individual  authors.  Quite  unstable;  an  aqueous  solution 
soon  reverts  to  12-molybd^c-l-phospboric  acid. 

REFERENCE; 

G.  Jander  and  E.  Drews.  Z,  phya.  Chem.  (A)  IM,  228  (1942). 


Poi93aimn  Sail  SK^O  - P3O5  • I8M0O3  ■ nq* 

May  be  obtained  from  a solution  of  the  free  acid  by  . 

with  solid  KCl.  i ’ 

A solution  of  i8-maiybdiC'2-phospboric  acid,  as  conoepteel^ 
as  possible,  is  treated  in  the  cold  with  KCl  powder  unitu 
desired  potassium  salt  separates  as  a yellow  precipitate,' ' i-' 

: e»;  «j 

PHOPERTIES:  ' 

Formula  weight  3015.64,  Orange  yellow,  prismatio 
Water  content;  14  moles  of  HsO/mole.  Soluble  in  HgO. 


REFBSEHCE; 

F.  Kehrmann,  Z.  anorg. 
present  authors. 


C5bein,.7,  14T 


Che 


■.  GHOTTNEIt  AND  S.  JAMDER 

)2.Melybdlc  Aeid.l-Arssnotds 


ftr  HMloay  to  tbo  l2-molybdic  acid-l-plwaphates,  which 
ttw  v*rv  closely  resemble,  all  compounds  of  this  class 
bo  classiBed  as  salts  of  a I2-(nolybdlc-l~arseniG  acid 

B»tAsOk(Uo«C^)4 ' 


TW  Polassiam  S«U  JKjO  • .\s2Os  ' 24M0O3  - nq. 

Commercial  ammonium  molybdate  5 {NH*JaO  ■ 13  MoOa  ■ aq. 
1711}  is  heated  with  an  excess  of  aqueous  KOK,  forming 
a of  KaMo04  ■ aq.  Addition  of  HNOa  and  AsgOa  yields 

Oc  l)»^xed  salt. 

i4K,MoO,(aq.)  t As,Oj  r 42HNO, 

571^4  mS2  SMfl-B 

- 3K,O  As,Os‘Z4MoO,(aq,}  + 42KMO, 
1967.2  4248.2 


Commercial  ammonium  molybdate  (30  g.)  is  heated  in  a 
porcelain  dish  with  an  aqueous  solutioa  of  KOH  (one  part  of  KOH 
by  wei^t  to  two  parts  of  BgO)  until  all  NHa  has  been  driven  off. 
(An  excess  of  KOH  should  be  avoided,  since  excessive  quantities 
of  KNOa  are  then  formed  during  the  reaction;  this  can  crystal- 
lize out  under  some  circumstances  and  contaminate  the  product.) 
After  cooling,  the  solution  is  diluted  with  50  ml.  of  H3O  and 
slowly  poured  into  an  excess  of  cone.  HNO^;  external  cooling 
may  be  used  if  required.  The  solution  remains  clear.  It  becomes 
deep  yellow  on  addition  of  the  stoichiometric  quantity  of  As  gQe  In 
SO  mL  of  It  is  briefly  heated  to  60-70 '^C  to  produce  a yellow 
precipitate,  more  of  which  appears  on  cooling.  Yield:  about  6 g. 
alxMitBg. 

PSoirairnES; 


Fine,  yellow  ciystalllne  powder.  Water  content:  12  moles  of 
H^/mole,  Not  particularly  soluble  in  cold  water,  somewhat 
more  soluble  in  hot. 

nErEHmcE; 

Checked  by  the  present 


18-Molybdic  A<iid-2.Ar»enotes 


^ 18-molybdic  acid- 2-phosphates t these 

■an  npiaa  pcobaMy  be  classified  as  salts  of  an  18- 
a«l<iHat(AsO4>s(M03Op)B  ' aq,). 


a,  ISO-  AJ>tO  HETEROPOUVACIDS  and  their  3AI.TS  f7Sf 

Tkc  Sodium  Sail  SNs^O  - ‘ IfiMoO^-  aq* 

Since  the  IB-molybdic  aoid-2*ajrsenateB  stb  mom  atalfl«  than 
the  12-molybdic  aoi (H-ar senates , S Na^O  * AssOs  * IB  MoOa  ^ ^ 
is  produced  when  a sadlum  arsenate  solution  Is  treated  with  excm 
M0O3. 

2Na,AsOj  -h  I8M0O,  = 3NaiO’As,0**lSMoO,{aqJ 
41S.8  2591.1  30WU9 

A solution  Of  NaaAaO*  is  saturated  wltJi  MoOs  at  tbe  boil,  and 
boiling  is  continued  for  some  time.  The  deei>'y0Uow  solution  Is 
then  filtered  and  concMitrated,  The  desired  sodium  salt  pre- 
cipitates as  yellow  Crystals, 

PROPERTIES! 

Yellow  monocUiUc  crystals.  Water  ocntent:  23  or  24  moles  of 
HsO/mole.  Soluble  in  H3O. 

REFEREKCE! 

A.  Rosenheim  and  A.  Trautae.  Z.  ttnorg.  allg,  Chem.  91,  92  (191&). 


Tiie  Tree  Acid  AajO^  ■ I8M0O3*  aq. 

1,  Drechsel’s  method  (see  p,  1700)  (that  is,  extraction  of  a 
solution  of  the  sodium  salt  with  HCi  and  ether)  is  used, 

3.  ISBaMoO,  + As^O,  + 18H.SO,  = As,0,  ■ 18  MoO,  (aqj  + ISBaSO, 

5351.6  329.6  1705.4  35SU9  4201.6 

Preparation  of  BaMoCk : About  50  g.  of  commercial  ammonium 
molybdate  Is  dissolved  in  about  300  ml.  of  boiling  Es  (some 
ammonia  Is  added).  This  solution  1s  iatroduced  gradually  Into  a 
solution  of  100  g.  of  Ba(OH)  a * 8 SaO  in  3D0  ml.  of  EaO  heated 
on  a steam  bath.  The  mixture  is  heated  and  stirred  for  2-3, 
hours  longer.  The  white  precipitate  is  washed  severaf  times  iwith 
hot  HaO,  then  heated  once  more  with  baryta  water  lacpidou^ 
Ba(OH)  s]  find  thorou^y  washed,  V ' . " ^ ■ 

The  BaMo04  Is  suspended  in  a solution  of  arsenic  ioJd  fito 
that  one  g.-atom  of  As  is  present  per  nine  moles  of  MoOa.  Then 
the  Ba  is  precipitated  by  addition  of  the  atoichlometsric 
of  HaS04  (mechanical  stirring).  The  filtered  yellow  solution  is 
ocjncantrated  ia  vaciiujii  at  about  40*C  and  crystelllsied 
H^Ot.  , 


tnt 


m,  ohOtwk"  and  g.  janoer 


raOKRTtES; 

Di^nd  trtcltoio  crystalaj  decompose  «6dUy  wheo  stored 
diJairWttor  c(viteat:  28  moles  of  HsO/mole.  Quite  soluble  in 
A yellow  bydrete  conUinlng  more  water  also  exists. 


A.  Boaenbelm  and  A.  Traiibe.  Z.  anorg.  allg.  Chem  91,  91  (1915): 
O,  fSifaU.  Thesis,  TJoiv,  of  Leipzig,  1888. 


6-NVolybdic  Acid-2-Arsenate5 

According  to  molecular  weight  studies,  the  compounds 
of  this  class  are  salts  of  a G-moJytadic-S-arseiiio  acid 
&[(AsOt)a(Mo909)9 ' aq.j  [G,  Jander  and  E.  Drews,  Z,  phys. 
Chem.  (A)  219  (1942)]. 

Tfcc  F«*  Acid  AsjOs  ' 6MqO^  * aq, 

6B4.MoOi  H-  A5|0,  4*  6H|SO|  - AsiOj  6 MoO,  (aqj  4^  6BaSO^ 

1783^  229JE  5fi«,S  10^*35  1400.5 

A solution  of  2,6  g*  of  As^O^  in  200  ml*  of  boiling  HaO  is 
prepared;  the  hot  solution  is  poured  onto  20  g.  of  BaMoO^  (one 
of  As  per  three  niolea  of  M0O3)-  A solution  of  6*6  g*  of 
COM,  H^04  in  about  20  ml*  of  HbO  ia  added,  and  the  mixture  is 
healed  for  one  hour  on  a ateam  bath  (stirring).  The  BaSO 4 pre- 
cipitate is  filtered  off,  and  the  clear  (sometimes  greenish)  boIu- 
Hob  is  concentrated  in  & vacuum  desiccator  until  crystallisation* 


PBOPCim£8: 


fragile,  colorless  crystalline  scales*  Water  content; 
18  moles  of  B^fJ/mole,  Soluble  in  H^sO*  The  compound  is  a 
etnM^g]^  held,  very  stable  complex* 

ttrEBENCE: 

O*  Fttfiahl*  Tlkcsis,  Univ,  of  Leipzig,  1668,  Checked  by  the  present 

atfOiOTS* 


&i|l  NajO  f Aa^Os  ■ 6 M0O3  * aq, 

4.  * ^ fiodlirai  pMamolybdflte  5 NagO  - 12  MoOg  ' aq. 

W IMrtBd  dm  etolchlomfitric  quantity  of  AsaOs,  and  the  salt 


3,  ISO-  AND  HErERDPOLVACIOS  AffD  TOEiH  8ALW 


fm 


is  synthesized  by  sd<Ution  of  HCl.  However,  oxa^  bsZfoftfte 
theoretical  quantity  of  HCl  is  used,  since  <4herwtse  the  salt 
decomposes. 

A solution  of  ^‘sodium  paramolybdate'^  Is  prepared  tay 
solving  three  moles  <431,9  g.)  of  MoOa  in  three  moles  (12e,d.^ 
of  NaOH.  One  mole  of  H3ABO4  is  added,  and  the  clear  floluttop 
is  gradually  treated  with  one  mole  of  HCl,  The  desired  salt 
crystallizes  out  on  concentrating  the  solution, 

PROPERTIES- 

Formula  wei^t  1155.5.  Transparent,  lustrous  prisms.  Water 
content;  12  moles  of  HaO/mole.  ReadUy  soluble  In  HgO. 

REFERENCE; 

A.  Rosenheim  and  A,  Traube.  Z,  anorg.  ^g,  Chem.  91,  88  <191S), 


12-MotYbd»c  Acid-2-Chrom]tea 


Tlsc  AmiDCiiiu»  Sail  3(NH4)20  ■ CtjOa  • 12M0O3  • aq. 


5(NH,).0‘12MoO,(aq.)  + 2KCr(SO,),(aq,)  + H,0 

ISO 

= 3(NH0^-Cr,Oj-12MoOj{aq.)  + 8KHSO4  + 

2m5.7  ms 

A solution  of  2 g,  of  KCr(SO(^)3  • 12  H^O  tn  2Dml.-of  H^is 
heated  to  boiling  and  a solution  of  30  g.  of  ammonium  pajramdybdsts 
5 (NB4)sO  * 12  M0O3  * aq,  in  110  ml,  of  HiO  is  slowly  added. 
During  this  operation  the  color  of  the  sotutioik  changes  from  greed 
to  brownish  and  then  bluish-rose.  The  pH  of  the  solutloin  should  be 
about  S.  On  cooling,  the  desired  rose-colored  salt  orystafitnes 
out,  although  It  sometimes  takes  24  hours  for  this  to  oeour.  YIei£ 
about  6 g.  ‘ ' 


PROPERTIES: 


Relatively  large,  rose-colored  rectangular  platelets  or 
Water  content;  20  moles  of  HaO/mole.  Quite  soluble  Isi 
somewhat  poorer  solubility  in.  cold  HgO.  A relatively 


plex. 


REFERENCE; 


A,  Rosenheim  and  H.  Sclweir.  Z.  anorg,  allg,Chem. 

Checked  by  the  present  anttiors.  . - ; ■ 


im 


CRiiTTKER  ANO  JANDER 
6<M^olybdiC  Acid-1 'Peritsdotes 


Ttese  coiAPOundls  are  salts  of  a 6- molybdic-l -periodic  acid 
a JK>4  * 6 MoOa  " aqd  (G*  Jander  and  Kh.  F*  Jahr*  Kollold-Beihefte 

305  a«S)K 

TVf  StdiBB  Sail  - 1^07  ^ 12MoOg  ■ aq. 


SSatHjIO,  - UMoOi  + 3NatC0j 
543,9  in^JA  3ia.O 

- S Na*0  ■ liO;  ■ 12  MoO. (aq.)  -h  ^ CO, 
a393.6 


It  has  been  fonnd  advEsable  to  use  two  moles  of  rather 

than  the  three  moles  called  for  by  the  equation, 

A mixture  of  10  parts  by  weight  of  Na^KalOe  and  almost  32 
parts  of  MoOa  in  about  120  parts  of  HaO  is  heated*  After  a 
short  time  NaaCOa  (four  parts)  is  added*  When  solution  is  com- 
plete, the  liquid  is  concentrated  to  a small  volume*  Well -formed 
whitCp  rhombohedral  crystals  appear^  together  with  many-faceted, 
somewhat  yellowish  prisms. 


PROPERTES 

The  rhombohedral  crystals  effloresce  easily  In  alr^  becoming 
pire  white  and  opaque.  Water  content:  34  moles  ofH^/mole. 
Reafhly  soluble  in 

The  asymmetric,  lustrous  yellowish  prisms  do  not  effloresce 
iB  *Ur.  Water  content;  26  moles  of  HaO/mole*  Soluble  in  HsO* 

TW  Fit*  Acid  IjOt  ‘ I2M0O3  ' dq. 

The  free  acid  can  be  prepared  by  ion  exchange  (see  p,  1701). 
Tins,  25  g,  of  5 NasO  * 1*0^  - 12  M0O3  * aq.  Isdiasolvedtn  IDO  ml. 

After  passage  through  the  column*  the  eluate  is  clear  and 
cotortesa*  Gas  evolves  dur^  concentration  In  a vacuum  desic- 
cator,  A bright-yellow  crystalline  compound  is  obtained.  Yield: 

22  g. 


pROPaariEa: 

- ciyatala;  moderately  soluble  In  cold  H *0,  readily 

HfODie  in  hot* 

KJT££KCES; 

i*  G.  Jander  and 

mK  Srtei,  VnpibUslied  ^xperlmgents^ 


3^  ISO-  AND  HETERDPOLYACID5  AND  TNEtR  SALTS  (73fl 

48-Vanad1c  Acid-2-Phosphate$  ond 
24-Vdnatlic  Acid-2v.Phosphatei 

It  was  concluded  from  chemical  and  pbyBicoclieiiilcid  atudiefl 
that  the  anions  of  these  heteropolyacld  compounds  conslsi  of 
phosphate  ions  and  ions  of  octavanadSc  add  Hv>(VsObs  * aq,)  in 
varying  molecular  ratios  tG,  Jander  and  K.  F,  Jahr,  KoUddr 
Belhefte  3^4  Other  authors  obtained  compoFunds  whicih 

they  classify  as  salts  of  a l2-vanadic-l-phosphoiric  acid 
HvIPViaOae  * aq^l  [A^  Rosenheim  and  M.  2.  anorg,  allg. 

Chem,  323  (1916J;  P.  Souchay  andS.  Dubois,  Ann,  Chimle  (12) 
3,  88  (1948)1. 

In  addition  to  the  compounds  described  here,  there  exists  an 
immense  number  of  salts  of  other  compositions.  The  composition 
of  the  crystalline  salt  depends  essentially  on  the  molar  ratio  of 
phosphoric  and  vanadic  acids  In  the  starting  solution,  and  also  on 
the  concentration,  the  nature  of  the  cation,  and  the  absolute 
concentration. 

The  brownish- red  heteropolyacid  compounds  of  thds  class, 
rich  in  vanadic  acid,  are  designated  in  the  older  literature  as 
' ‘purpureopho  spho  van  adates , ’ ' 


The  Scditiid  Sail  lONajO  - P^Oj  * 24V2O5  ■ aq. 

Prepared  by  combining  solutions  of  SFaVOa,  SagHP04  and 
HKO3.  Thus,  the  solution  used  Is  0.75M  in  sodium  metavanadale 
(NaVOa  - aq.) , 0,3l5M  in  NaaHP04,  and  1,125M  in  HNOa  (ttose 
quantities  do  not  tak€  the  reaction  tcto  aoooufitj;  It  therofoM 
contains  2*38  moles  of  vanadio  acid  per  mole  ol  phosphorlo  add* 
This  deep-red  solution  is  treated  with  l/5  its  volume  of  acetotm 
and  allowed  to  stand  in  the  cold.  After  a vdiile,  the  desired  salt 
crystallizes  out. 


PROPERTIES! 


Formula  weight  5128,5.  Small,  dark-red 
Soluble  in  HsO.  Like  aU  *>purpur6ophos]^var«^tes, 
susceptible  to  hydrolysis;  excessive  heating  of  the  solutitMi  naist 
be  avoided. 


flfirBHEiiCE: 

G.  Jander  andK.  F,  Jahr.  KoJloid-Belhefte  41,  338  (1935). 


0.  orOtthcr  ano  s,  jander 


n*  IOB»0  ■ PaOs  ' MVaOs  ■ «q- 

)0  N«rf>  ‘ PA  ‘ 24  VtO»  (aq.)  + 10  Ba(NO»)t 

513&!V 

= lOBaO ‘PiOs<24V,Oj(aq-)  + ZONaNOj 

6041.^  17W,2 


A solution  nrepaied  in  the  same  way  as  described  for  the 
suit  (50  ml.)  is  treated  with  100  ml.  of  0.375N  Bapr03)2 
sdhition  and  about  1/5  its  volume  of  acetone.  After  standing  for 
some  time,  the  barium  salt  crystallizes  out. 


PROPEBTIES: 

Deep-red  cubic  crystals;  poor  solubility  in  HgO. 


REFERENCE: 

G-  Jander  aodK.  F,  Jahr.  Kolloid-Beihefte  332  (1935). 


Tie  pQtABsiiaq  Sail  11  K^O  ■ £P2  0s  ■ 24  ^ a<\. 

Tkc  Aqqooiuq  Salt  5(NH4)2  0 • 2P2  05-  24V2O5'  itq. 

These  are  obtaine<l  from  solutions  of  the  sodium  salt  10  Na^O  ^ 
Prf>5  ' 24  VaOs  - aq.  by  means  of  KNO3  or  NH4NO3. 

The  same  solution  as  described  above  in  the  case  of  the 
ao4ium  salt  (50  ml,)  is  treated  with  100  ml^  of  0,37 5N  KNO^ 
solnti^Hi  or  0.3T5N  solution  and  1/5  its  volume  of  acetone^ 

After  stenchng  for  some  time,  the  desired  salt  crystallines  out, 

PBOFERTTES; 

Fopinuia  weight  of  11  KaO  ' 2 PaOs  * 24  VaOs  : 5685.5;  formula 
wel^  of  5 0^H4)3O  ■ 2 P^6  - 24  VaOs  : 4908.9,  The  potassium 
Balt  cryetallizee  in  deep  red  rhombohedra,  the  ammonium  salt 
fa  aix'-stdsd  columns.  Both  are  soluble  in  H 

BEFXBEltCE: 

C,  Jander  and  K.  F,  Jahr.  Kolloid-Beibefte  ij,  332  (1935), 


5Ecr;CN 


Carbonyl  and  Nitro^l  Compoundf 

. \ y. 

F.  %m 


GdnerDi  introduction 

The  classical  method  for  the  preparation  of  Mo,  Pe,  Co  and  K1 
carbonyls  consists  of  a direct  reaction  of  CO  with  the  respective 
metal  at  high  pressures  (150-200  atm*)  and  temperatures  (100- 
200 ®C)*  Under  these  conditions  steel  is  generally  attacked  by  CO 
with  formation  of  Fe(CO)5,  so  that  pressure  vessels  fully  lined 
with  a CO- resistant  material  (e*g,,  copper-silver  alloy)  must  ho 
used.  Since  such  special  autoclaves  are  not  normally  found  In 
general -purpose  chemical  laboratorieSt  this  compilation  of  car- 
bonyl syntheses  will  be  restricted  to  preparative  methods  which 
are  compatible  with  the  usual  laboratory  apparatus*  Le,,  atmos- 
pheric-pressure syntheses  or  those  requiring  simple  steel  auto- 
claves. 

With  this  goal  in  mind,  several  completely  new  methods  were 
worked  out  (i*e.*  for  NitCO)*,  [Co(CO)4]  JSg,  CoiCOj^NOJ,  wUie  ta 
the  case  of  others  [Fe(CO)4Ha,  Co(CO)4tH]  the  apparatus  used  was 
improved*  All  methods  were  recheeked.  For  this  we  thank  es- 
pecially W*  Hleber  and  his  co- workers* 

Descriptions  of  specific  autoclaves  for  preparation  of  cerbonyt 
compounds  may  be  found  in  L-  Mond,  anorg*  Chem*  207 
(1910)  and  W.  Hieber,  H*  Schultes  and  R,  Martin^  Z*  ancrg, 
Chem,  240.  261  (1939).  ; 


Chromium,  Molybdenum^  Tungsten  Carbonyls 

Ci(CO)„  Mo{CO)m  W(C0),  ;;  ; 

The  bexacarbonyls  of  the  chromium  gro^i  are  fof fflfed' 
reaction  of  CO  with  a suspension  of  anhydrous  halides  of  CrtMd^ 
or  w in  a Grlgnard  solution^  followed  by  hydrolysis.  The 
mechanism  has  not  yet  been  elucidated,  \ 

The  reactor  vessel  f in  Fig*  343  is  a one-liter 
with  a two-hole  rubber  stopper*  The  dropping  funnel!  li 
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enUrged  tip  to  prevent  plugging  during  the  reaction. 
It  Is  ft>r  UrtM^tUon  of  the  Grignard  solution  (via  as  well 

M (al  b).  Stopcock  h is  a gas  vent  which  remains 

closed  durli  the  reaction  but  which  is  occasionally 
SS?*.1Sw  Sk£»  tkB  «««'  *“'•  CO.  Fl^k  18  1111^ 
Za!SS,  into  the  ice  bath  and  the  whole  apparatus  is  vigorously 
on  a machine.  To  monitor  the  CO  consumption,  a stand- 
udtoed  gasometer  is  connected  to  h via  a drying  train  {whose 
IksI  tuba  is  fUl-ed  with  P^O^)* 


Fig-  343*  Preparation  of  hexa- 
carbonyls  of  the  chromium  group* 
d and  b inlet  tubes;  e Ice  bath; 

/ reactor  ves&el^  t dropping  fun- 
nela  Note  that  the  tip  of  funnel  t 
should  be  enlarged. 

The  reactor  flask  f Is  filled  with  nitrogen.  The  metal  chloride 
(XQ  e*  of  floe  anhydrous  CrCl^  powder;  17  g.  of  sublimed  MoClgi 
or  20  g*  of  WClfl  [0.05  moles))  Is  Introduced^  and  the  vessel  is 
Crtcuated  and  filled  with  CO.  A mixture  of  50  ml,  of  anhydrous 
ether  and  50  ml.  of  anhydrous  benzene  is  added  through  the 
dreeing  funnel  and  the  apparatus  is  then  connected  to  the  CO  Une. 

The  Grignard  reagent  Is  prepared  from  12  g,  (0*5  moles)  of 
54  g.  of  CaHpBr  and  approxixnatelySDOml.  of  anhydrous  ether- 
T1^  solution  is  added  to  the  tnetal  chloride  suspension  first  in 
portion  of  about  5 ml-  each,  later  dropwise-  The  initiation  of  the 
as  well  as  tte  progress  may  be  observed  via  a wash 
containing  some  ceoc*  provided  the  stopcock  of  t Is 

absorption  of  CO*  which  for  reasons  unknown  oc- 
slew  down  and  then  accelerates*  ia  continued  for  about 
4^  Mure  after  the  addition  of  all  of  the  Grignard  reagenti  The 
ftflicitoi  abeCThs  on  the  average  7 liters  and  occasionaily  up  to 


4^  CARBONYL  AND  NirTloaVL  COMPOUNDS 


mM 


The  reddish- brcMAm  reaction  product  Is  hydtoly^ 
addition  to  a mixture  of  ice  and  dilute  H^04«  and  the 
then  steam  "‘distilled  without  prior  removal  of  ether  duct 
The  steam  distillation  is  continued  for  3-4  hours  or  as  long  ^ 
white  needles  of  the  carbonyl  product  are  observed  la  the  {descend^ 
Ing)  condenser-  The  organic  layer  (benzene-ether)  In  U»  dlstUtate 
13  separated  and  the  aqueous  phase  extracted  3-4  timee  with  &esb 
ether.  The  combined  ether  extracts  are  concent  rated  by  die  tUlatlou, 
keeping  the  temperature  below  60 "Cj  and  the  residue  Is  allowed 
to  crystallize  in  a refrigerator. 

The  yields  of  crude  carbonyls  are  quite  variable:  in  the  case 
Cr(CO)s  they  are  3 g,  maximum,  while  up  to  3"4  g*  of  W(CO)* 
may  be  isolated.  Higher  yields  of  Cr{CO)s  (up  to  67%)  are  oWaJ**d 
in  an  autoclave  under  high  CO  pressure  (35-73  atm*)*  To  remove 
strongly  adhering,  odorous  organic  impunities,  an  immediate 
vacuum  sublimation  of  the  hexacarbonyls  is  recommendedi 


PROPEHTIKS: 

Formula  weight  of  Cr(CO)a  ; 220. Ij  of  Mo(CO)b  j 264*0;  of 
W(CO)a  : 352*0,  Colorless^  strongly  refractive  orthorhombic  ciys- 
tale  which  are  isomorphic  among  themselves;  well  soluble  in 
Inert  organic  solvents  and  sublimable*  Cr(CO)s  melts  at  149- 
50^C  In  a sealed  tube*  The  hexacarbonyis  are  remarkab^  stable 
in  comparison  to  all  other  metal  carbonyls^  Their  vapors  decomf- 
pose  above  120^C  in  a combustion  tube,  depositing  the  metals 
as  mirrors. 


REFERENCES; 

W,  Hieber  and  E*  Homberg*  Z*  anorg*  allg,  Chem*  §21,  321  (19^5); 
B-  B*  Owen,  J*  English,  Jr-f  H*  C*  Cassidy  and  A.  Dundon* 
J.  Amer.  Chem*  See.  1723  (1947)* 


Iron  Pentocorbonyl 


Fe(CO)* 


Iron  carbonyl  is  an  Industrial  product  which  is  prepaid 
classical  carbohyl  aynthfisls  from  CO  and  finely  divided  irmu 

Fe  + 5CO  =-  Fe{CO)s 
55.9  112.0 1 195,9 


This  material  serves  as  the  startli^  atibstaBce  for  iwwfit  ' 

field  of  iron  carbonyls;  laboratory  preparatloii -Is 
since  It  requires  the  special  autoclaves  mshttohad  oa 


F* 


T|«^  IS,  hoover,  a method  for  the  preparation  of  small 
of  F^tCO)*  io  which  a regular  la^ratory  autoclave 
■My  to  used;  it  starts  with  Fe(CO)*la  (see  p.  1751): 


^ KflCOhl.  ^ IflCi.  10  cul  J-  4 KeiCOls;  + 
£10S5  Me  7836 


An  intimate  mixture  of  equal  weights  of  Fe(CO)*r^and  copier 
di;£t  is  heated  in  a CO  stream.  The  '^* 

It  is  then  increased  to  55  "C  and  the  Fe(CO)B  {30%  yield)  Is  con- 
densed in  a U tube  at —50°C,  j it,  , 1 . 

If  an  autoclave  at  about  10  atm,  pressure  is  used,  the  yield 
becomes  nearly  quantitative  since  the  decomposition  reaction 


Fc(CO)^I,  - Fifj  + 4 CO 

which  occurs  at  atmospheric  pressure,  becomes  impossible.  Iron 
pentacarbonyl  can  then  be  distilled  directly  from  the  reaction 


PROPERTIES: 

At  room  temperfl^ture  yellow,  oily  Uquidf  1.46,  Vapor 
pressure  equation  in  the  range  of  0 to  102.7*C>;  log  p = 7,349--- 
1681/T*  At  ~25'^C*  solidifies  to  mcmocHnlc  needles;  distills 
without  decomposition  at  102*6 '"C  and  760  mm,;  crit.  temp. 
2fi5-28fl*'C,  Produces  a metallic  iron  mirror  on  passage  through  a 
hot  glass  tube  (200-35 O^C)*  Not  altered  in  the  dark;  decomposed 
in  light  to  Fea(CO)5  and  CO  (must  be  stored  in  dark  bottles), 
fbrrophoric  in  air  (caution  !);  burns  to  Fe^Oa,  Nearly  Insoluble  in 
water;  readily  soluble  in  many  organic  solvents,  especially  ben- 
zene, petroleum  ether,  ether*  glacial  acetic  acid  and  acetone, 

BEFERXNCE] 

W*  Hteber  and  H*  Legally.  Z.  anorg.  allg.  Chem*  295  (1940), 


Diiron  Nonocarbon/t 
Fci(CO)* 

Form^  durii^  decomposition  of  Fe(CO)B  by  light: 

2Fe(COh  = Fe*(CO)i»  + GO 
^18  363.6  22A  t 

g-  of  Fe(CO)^  in  40  ml*  of  glacial  acetic  acid 
fPr  dDDyarJdc)  is  prepared  and  exposed  to  dlreot  sunlight 


4.  CARBOHVl  AHD  NltROSYl- 


t74» 


in  an  atmosphere  of  hydrogen  or  under  neiiM,  TosYaMM* 
turbidity  and  crystaliisatlon  of  Fe,<COjg  are  ofeBen^  Tftt 
nascent  CO  is  removed  hf  flushing  with orlqr reeM«wMn of 
the  vessel.  After  several  hours  of  illumlnathm,  the  crystal*  si# 
collected  by  filtration  and  washed  with  ethanol  aidetheT.  lIlnfttiM 
yield:  30^^  (5  g,).  Further  illnmiiiatlQii  of  the  mother  Ihmors 

yields  more  FegfCO),. 

PROPERTIES; 

Shiny T orange  hexagonal  platelets;  d^°  2.08h.  ttearfy  iiooliAle 
in  ether,  petroleum  ether  and  benzene;  soiKwhat  aeidile  In  mo^ 
thanol,  ethanol,  and  acetone;  more  readi^  sobdile  in  f^tidUne, 
Stable  at  room  temperature  In  diy  air;  on  heatteg  tn  10fl^l20'’C, 
decomposes  according  to: 

^Ec.(CO),  = 2Fe(CO}j  - 2 Fe  - SCO 


SYNONTTM: 

Diiron  enaeacarbonyU 

REFERENCE: 

F>  Speyer  and  H-  Wot£.  Ber,  dtsch.  p-tiem-  Gds.  1424  (1927). 


Tfiiron  Dodecocaiivonyl 


[F«fCO)*li  or  FesfCOlii 

Oxidation  of  Fe(CO)*Ha  gives  Fe(CO)«.  The  fimner  taaj  he 
prepared  and  oxidized  in  one  coosecative  process. 


A)  PREPARATIW  OF  F«(CO>4H2  S<MXTTI0(S: 


Fe(CO),  2NaOH  = Fr(CO)*Bc  ^ 

I3&S  ta»  »*• 


A two-ifter  flask  is  filled  wfih  It 
Fe(C0)g  and  60  ml.  of  methaiini 
Complete  mixture  of  hotb  Iwyilrts  1 
^ ml.  of  50%  sodfoxn  hydnndde  Is 
tiOB  of  the  product,  the  miatme  b 
the  base  nitb  Uie  peataearbrni^  oeeme  ad 
®®**^drted  after  several  mfiirfee 
the  eddttiee  of  the  have,  the 
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Of  sodium  mothyl  carhonato.  «Jifch  la  slightly 
SjEposare  to  air  (It  Is  ftot  neceasaiy  to  exclude  the  latter 
yT obtain  the  product)  soon  leads  to  a deep  reddieh- 

odbr. 

K)  OXIDATION  WITH  MiiOi 

3FciCO).H*  + SMaO»  = tP'e(CO}4],  + 3MflO  + 3H.0 
soa?  503,7  aiii'S  s<-o 

An  aqueous  suspension  of  I/IhOsp  prepared  from  35  g.  of  MnSO*  ‘ 
T HjO  5 « ml.  of  Bra  and  20  g,  of  NaOH  and  purified  by  decanta- 
tion. Is  added  slowly  with  constant  shaking  to  a freshly  prepared 
solution  of  Fe(00)*Ha.  The  color  of  the  reaction  mlxt^e  cliai^es 
immediately  to  a deep  green.  The  excess  MnOa 
addition  of  FeSO*  in  sulfuric  acid  or  of  NaHSO$.  At  the  end,  100 
ml.  of  sulfuric  acid  (1  i 1)  is  added,  resulting  in  a vigorous 
evolution  of  gas.  After  completion  of  the  gas  evolution,  the  solution 
is  refluxed  on  a water  bath  for  about  30  minutes.  This  coagulates 
the  Fe(CO>4 ; because  It  is  hydrophobic,  it  floats  on  top  of  the 
solution  as  a dark  green,  crystalline  mass.  The  product  is  col- 
lected OB  a fritted-glsss  filter,  washed  with  hot,  dilute  H-jSO 4, 
ethanol,  and  petroleum  other,  and  welghad  In  a desiccator. 
Yield:  909S  (15-16  g.). 


PROPERTIES; 

Deep-green,  nearly  black,  strongly  diohroic  square  plates, 
Insolufole  In  water;  slightly  soluble  (dark  green  color)  in  organic 
solvents  such  as  benzene,  petroleum  ether,  ether  and  acetone; 
mare  soluble  to  Fo(CO)b  and  Ni(CO)*;  In  contrast  to  the  other  Iron 
carbonyls,  very  sensitive  to  air.  1,996;  crystal  structure: 
tetragonal. 


befehehces: 

W.  Hi^r,  2.  anorg.  allg,  Chem,  204,  171  (1932);  R,  B.  King  and 
F.  G-  A-  Stone  In;  Inorg.  Syntheses,  Vol.  VII,  New  York- 
London,  1963,  p,  193. 


Cqbolt  Carbonyls 
[Co(COhl„  lCo(CX>)J, 

DecompOBitUut  of  the  hydride  Co(C0>4H  above  its  melting  point 

eH«»  lCo(C0)4]s: 


2Co(CO)4H  - tCoCCO)<I,  + H, 

344.0  342.0  SSA  I, 

Co(CO)4H  (see  p.  1753)  is  slow^  evaporated 
■MBT  CO  s bath  at  an  initial  temperature  of  — 30*C,  which 


4.  CARBONYL  ANO  NITROSYL  COMPOUMH 


may  be  left  unattended^  Beautiful  ciyetaleof  oTAng^radfCotOOXi}^  . 
remain  as  a residue.  ^ 

^IKerrafs  meiAorf:  Direct  Wgh-presaure  synthesis 

metal  and  CO  [L.  Mondf  H,  Hirt^andM-  Dt  Cowap,  Z*  8HQTEf  GSMVl^  V 
68,  215  (1910)1*  — ^ 


PROPERTIES: 


Orange  crystals,  51*^0.  Insoluble  in solid>le in  efiiimolt 
ether  and  other  organic  solvents*  Decomposes  in  air  to  tbe  ’5 

basic  CO  carbonate*  Melting  of  Co(COU  results  In  a very  slow 
decompcsition  to  cobab  iricorbonyl  [Co(CO);^]4;  thte  reaction  is  -- 
clearly  observable  at  53 and  proceeds  so  fast  at  60*C  that  It  to 
complete  after  two  days*  After  recrystalliafttion  from  ben2tiWb  ; 
the  tricarbonyl,  formed  according  to  the  equation  Co(CO)4  .^  h 

CO(CO)a  + COt  consists  of  deep  black  crystals*  * ^ 

■ 

REFERENCE: 

W.  Hieber,  F*  Muhlbauer  and  E*  A*  Ehmann,  Bsr*  dtgch*  chem* 
Ges-  65,  1090  (1932). 


Nickel  Cdrbon/I 
Ni(CO)4 

Forms  even  under  such  mild  conditions  as  the  reaction  of  CO 
with  an  alkaline  solution  of  NiS*  Howevert  the  reaction  of  CO  with 
a solution  of  nickel  sulfosgrlate- ammonia  complex,  NISO  3 * (NHa)xf 
is  especially  recommended.  This  solution  is  easily  preparcit  finom 
N1SO4,  KHa  and  NasSaO*- 


NjSOn  + Ka^SrO^  + (i  + 2)  NH,  + H*0 

■SAq  q SIO  S ■'■■i  ^ 

= NiSOi'tNH,).  + NatSOi  + : 

NiSOi  ■ (NHs);<  + HiO  + 4CO  = Ni{CO)*  + (NH,)^Oj  + (*v-2) 
as.Sl.  1701.7 


The  apparatus  shown  in  Fig-  345  comprises  a large 
mixiag'  flask  to  which  tbs  shaking  vessel  shown  In  Fig* 
attached.  This  mixing  flask  is  attached  to  a large  U tuba  iiBea 
with  pea'‘Sleed  calcium  chloride  granules  and  PaO^  deiioslted.  eft. . 
glass  beads.  This  tube  Is  in  turn  attaohed  to  three 
traps,  two  tees  with  stopcocks,  and  abuiisbleicount®? 
the  train.  The  individual  parts  of  the  5®para(^»  jdsy  be 
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^1^^^  fklMM  ^ rubbor,  provided  glass  touchos  glas$»  however, 
% gTtiwxt  gtftT*  coiuifiOtlon  is  required  at  jf  (this  allows  attaching 
Ito  two  oottdewing  traps  which  ar$  fused  to  each  other,  to  a 

MtVMtt  Um)* 

Tte  mixing  flask  is  charged  with  a solution  of  14.0  g*  (0*05 
of  NISO*  ‘ 7 tu  400  ml-  of  water  and  60  ml*  of  25% 

MNus  anunonia.  The  carefully  predried  shaking  vessel  is 
cKftTfMl  with  12*5  g*  of  B0%  NasSsO^?  then  30  ml*  of  concentrated 
solution  and  SO  mh  of  water  are  added  under  flowing 
Hltroces.  The  materials  are  dissolved  by  shakings  and  the  shaking 
vttssol  is  attached  to  the  mixing  vessel  by  means  of  a rubber 
^Dfifier,  as  shown  in  the  figure*  At  this  point  CO,  oarefuJly  pre- 
porifi«d  to  remove  traces  of  iron  carbonyl  and  oxygen,  is  passed 
tkroi^  the  clear  bluenickel  (II)  salt  solution;  after  a few  minutes,  a 
drop  wise  flow  of  the  ammonlal  dithionite  solution  la  started^ 
(Pressures  must  be  constantly  equalised*)  The  dithionite  solution 
is  added  over  a period  of  about  20  minutes*  The  Ni(CO)4  forms 
instantly  and  is  condensed  in  the  traps  by  cooling  the  latter  with 
Dry  fce-acetone  (or  ethanol)  mixture;  the  unreacted  CO  may  be 
burned  at  ^E  after  a reasonable  flow  rate  has  been  established* 


Fig*  344.  Shaking  vessel  for  work  in  the 
absence  of  air. 


nickel  salt  solution  becomes  nearly  colorless  in  about 
5 hours;  a sli^t  amount  of  decomposition*  shown  by  the  deposition 
layer  of  ^iSy^  on  the  glass  walls*  can  not  be 
LTiJwkI*'.  carbonyl  (which  condenses  prl- 

tn»  if,  ii.  trap)  in  a stream  of  CO  gives  a completely 

^ire  product  Yield:  7.5  g.  (5.5"6.0  ml,)  of  Nl(CO)4  = 85-90%. 


niarERTKS: 


'^•P'  Grit. 

200  C,  erlt.  pressure  30  atm.  Insoluble 
mnuie  1&  oj^nic  eolyeute.  Readily  oxidized  la  air; 


4-  CARBONVL  AND  NJTHOSYU  COMPOUMOfl 


' r -Tf’ 


Fig.  349.  Apparatus  for  the  preparation  of  olekel  oa^ 
bonyl,  carbonyl  Isydrldea,  and  nftroyl  carboi^ls,  b sliak- 
itrg  vessel  from  Fig.  344;  k condensing  traps 

barns  with  a luminous  flame  when  ignited.  A mixture  with 
is  explosive.  A bright  Mi  mirror  is  formed  on  passage  through  a 
heated  tube  at  1&0-200^C.  The  vapor  Is  extraordinarily  toxic. 

REFERENCE: 

W.  Hieber,  E.  O.  Fischer  and  E.  Bookly.  Z.  anorg.  allg.  Cheutr 
26&.  308  (1952). 


Dipyridme  Chromium  Tetrocorbon/lt  r: 

Tripyridine  Chromium  Tricorfaonyl 


Cr(CO)tpyi,  Cr(CO)ipyt  . - 

Up  to  one  half  of  the  CO  contained  In  metal  carbiWQ^l^,  ; 
freriuently  be  replaced  by  pyridine,  o,o^-dIpyridyl  wid  pheihai^.;; 
tfaroline . ■ ■ ‘ ■ I'r-’f  <i, . 

Cr(C0),  + Spy  = Cr(COj4py,  + 2CO  , 

szai  15S.2  32E.S 

Cr(00)j  + 3py  = Ci(CObpy,  + 8CO 

3an.l  287.3  373.3  W.Sl. 


A mixture  of  1 g.  of  Cr(CO)a  and  6 mh:  of  puroatia 
pyridine  is  heated  in  a sealed  tube  for  a at 
fraction  of  the  Cr(CO)e  separates  unqbl^d 


imt 


tlQ* 


F.  SCKl. 


«MD-btown  sohiuon.  The  solution  is  filtered  Into  a small  distilling 
UMr«ta$  and  most  of  the  pyridine  is  quickly  distilled  off  in  a 
SwIfX  to  cooling  £ residue,  crystals  of  Cr(CO)*Ry, 
out;  addition  of  petroleum  ether  increases  the  yield. 

Jf  Ift'lS  i»lo  ot  pyridine  Is  used  in  the  above  experiment  and 
the  befttintf  is  repeated  after  discharge  of  the  CO,  the  product  is 
CrtCOlaHfa.  Pyridine  can  be  substituted  into  Mo(CO)e  more 
raidily  ttan  into  CrtCOlsi  the  Mo(CO)^  is  converted  into 
Mo(CO)jiys  on  heating  with  pyridine  for  several  hours  at  135  C. 


Cr(CO)4pyar  Blunt  I yellowish-brown  prisms.  On  heatings  loses 
l^idiite  and  turns  brownish-black,  Cr{CO)3pya:  Yellowlsh-^red 
to  j«d  prisms,  stable  in  air;  gives  up  pyridine  very  readily. 


REFERENCE: 

W,  Hieber  and  F*  Muhlbauer,  Z,  anorg.  allg*  Chem,  2^,  341 
(1935). 


o-P(ianan»hrolino  Nickel  Dkarfaonyl 
Ni(CO)yC„H*N, 

Ni(CO).  + C„HgKf  - Ni{CO)i  + 2CO 

170.7  m.Z  44.BI. 

Readily  formed  from  solutions  of  equimolar  quantities  of  the 
components  to  acetone  or  absolute  ethanol.  The  almost  immediate 
CO  ^aeration  is  preceded  by  a falood^red  color  of  the  reaction 
inuture»  As  the  gas  evolution  increases*  the  compound  separates 
id  iMg  needles  (of  the  order  of  1 cm.).  After  suction- filtration, 
Ibe  cmupound  Js  washed  with  absolute  ethanol,  followed  by  petro- 
leum ether. 


PBOpERTliS; 


needles  with  high  luster;  very  stable.  Decomposed 
y ■ in  the  presence  of  moisture  (slow process,  accom- 

R*niHi  Iflf  a green  oolor). 


W-  P*  l^bauer  and  E.  a.  Ehmann. 

Gee,  ei,  IMS  (1933), 


Ber.  dtocto  ohem. 


A.  CARQONYL  AND  N1TR05VU  COMPOUNDS 

kon  Tetrocorbonyl  Holid«« 
Fe(00),X, 


I.  The  simplest  method  consists  of  resctliig  the  halouPs 
Fe(CO)E  In  organic  solvents,  * 

Fe(CO)i  1-  Cli,  Be*.  1*  ■=  Fe(CO)4Cl,,Fe{CO}4Br„  Fe(CO}4i  + 00 

195.9  70-f)  1S9.S  353-8  24S-8  327.7  421.1  22^  L 

Pure  Fe(CO)4Cl2  can  he  obtained  only  at  — 20*C  by  slow  pass- 
age of  Cl  a through  a IM  solution  of  Fe{CO)g  in  petroleum  ether; 
the  slight  decomposition  of  the  Fe(CO)g  does  not  affect  the  purity 
of  the  product.  The  product  (yield 60%)  Is  a yellow  powd^^ 
which  loses  CO  at  room  temperature  and  turns  gray* 

Fe(CO)4Br3  is  prepared  by  slowly  adding  the  reactants  to  a 2M 
petroleum  ether  solution,  while  cooling  in  ice  and  conducting  the 
reaction  under  anhydrous  conditions.  The  product  Is  a reddish- 
brown  powder.  Yield;  75%, 

FefCOl^Is  is  obtained  in  anhydrous  ether  solution  using  a 
slight  excess  of  Fe(CO)s  [the  ether  solutionis  2M  in  Fe(CO)g  and 
0.5M  in  1 3],  On  evaporation,  the  compound  separates  lnlarg% 
black  crystals.  Yield;  quantitative. 


PROPERTIES: 


The  iron  carboiq^l  halides  are  light-sensitive;  water  conye]^ 
them  to  the  corresponding  Fe  (II)  salt  solutions  (the  chloride 
bromide  react  instantaneously,  the  iodide  only  upon  heattng).  ^*3^ 
thermal  decomposition  of  iron  carbonyl  halides  Is  a conve|i^» 
way  to  produce  fine  powders  of  anhydrous  Fe(II)  halides.  ! ’ V,^; 


n,  Fe(C0)4lg  can  be  obtained  from  anl^drous  Fela 
pressures  above  6.3  atm.  Thus,  It  can  be  prepared  In  ordlngj^^ ; 
laboratory  autoclaves.  - ‘ • 


Feli  + 4CO 

309.7  89-6  f. 


Fe(CO)J, 

421.7 


The  preparation  proceeds  In  anhydrous  etherai  soluy.Obi|i^?^H^ 
50  ml.  of  ether/g,  of  Fel,;  the  air  is  displaced  from  the  auteedflS^ 
hy  evacuating  and  flushing  with  CO  (which  may  be  taken  dtreq^^ 
from  a cylinder).  While  the  yield  is  quantitative,  the  . 

the  CO  absorption  depends  on  the  surface/yplume 
solution.  Thus,  in  uns^ltated  syatems  the  resxstloit, 
sionally  take  several  days.  ' '• 


im 


F*  SEEL 


W Hl&b6r  Gh  Bgt^  dtsch,  cheiu*  G^s* 

aWfiit  W.  Hteber  ^ H*  Lagally*  Z-  morg. 

S9S  (iMOh  W.  HlebeJ^  and  A.  Wirschmg-  Ibid,  ( )* 

W*  Hfeter  and  H-  Lagally.  Ibid.  305  (1940)* 


Iran  Tetrocorbonyl  Drhyctride 
Fc(CO}iH* 

SolutiOEis  of  alkaH  melalt  alkaline  earth  m&tal,  and  ammonium 
salts  of  Fe(CO)+H3  may  be  produced  by  shaking  solutions  or 
siispeosions  of  the  corresponding  hydroxides  with  Fe^CO)^  in  the 
absence  of  air*  Addition  of  acid  liberates  the  hydride* 


Fe(CO)i  3NaOH  - [Fe{CQ)4H]Na  + NaiCO^  f H,0 
195l9  120.0  I0I.9 

[Fe{CQ)iH)Na  -r  HiSOj  ^ Fe(CO)4H,  -*-  KaHSOi 
1&1.9  98.1  IC9.9 

The  reaction  may  be  conducted  in  the  apparatus  (Fig3-  344 
and  345)  described  for  the  preparation  of  Ki(CO)4*  After  complete 
evacuatloa  with  an  oil  pump,  the  200- ml,  shaking  vessel  is  charged 
with  7 ml*  of  Fe(CO)fi  (JIO  g*,  0,1  moles),  then  with  25  g*  of  NaOH  in 
50  mL  of  boiled  water;  the  vessel  walls  are  rinsed  with  some 
wsiftr  and  it  is  filled  with  oxygen-free  nitrogen  or  CO*  The  re- 
actiOQ  is  complete  after  5 hours  of  intensive  mixing  on  a shaking 
machine*  U no  ojqrgen  was  present*  a completely  homogeneous, 
ligbt-yellow  solution  of  the  sodium  salt  of  Fe(CO)^3  is  produced* 
At  this  point,  the  mixing  vessel  Is  charged  with  50  mi-  of  50% 
nUoric  acid,  the  shaking  vessel  Is  attached,  and  the  entire  appa- 
ratus is  flushed  with  oxygen-free  CO  (which  can  be  ignited  at 
afler  a reasonabte  flow  rate  has  been  attained)- 

The  mixing  vea&el  is  then  cooled  to  —10  to— IS^'C  (ice-ealt 
mixture)  and  the  cold  traps  to  — 80*C  (Dry  Ice-acetone)*  The 
liyilride  solution  from  the  shaking  vessel  is  then  decomposed  by 
#IWp  drcq>wise  addition  to  the  mixing  vessel*  The  liberated 
carried  by  the  CO  stream  into  the  cold  traps,  where  It 
^ solid  (If  this  fails  to  occur,  the  temperatures  of 
baths  are  too  high  or  the  CO  flow  too  high)*  Upon 
imUBaitob  of  die  decomposition  the  apparatus  is  flushed  with 
* “carbonyl  flame*'  Is  no  longer  visible  on  burning  at 
wttw  mJm  about  one  hour  [see  the  section  on  NifCO)*]-  The 
coilecAed  In  the  first  two  condensation  traps  is  not  yet 


4,  CAFtBONYl-  AND  MITROSYL  COMPOUNDS 


pure-  It  contains  the  products  of  Its  OArtm  decompOBltkwi,  Fe(C0>9 
and  Fe(CO)^*  and  occasionally  its  oxidation  product  Fe(CO)H««r 
Repeated  fractionation  in  high  vacuum  at  — 40*C,  with  oondensatlofi 
at  -“SO'^C,  is  necessary  for  complete  purification.  The  removal  of 
the  last  traces  of  Fe(CO)5»  which  Is  frequently  still  present  tn 
small  quantities  (since  it  is  re-formed  during  the  dtstlUatlOB  due 
to  the  extreme  instability  of  the  hydride),  is  achieved  by  repeated 
rapid  distillation  into  a liquid- nitrogen-cooled  vesseU 

Since  the  isolation  and  purification  of  the  free  carbonyl  hydride 
require  considerable  time,  the  acid  decomposition  should  be  started 
the  beginning  of  a full  working  day.  Fe(CO)4lia  stored 

indefinitely,  provided  It  la  placed  in  suitable  containers  which  are 
evacuated  and  cooled  with  liquid  nitrogen. 


PUOPEHTIES[ 

At  the  temperature  of  liquid  nitrogen*  a completely  colorless* 
crystalline  substance,  M*p,  — 70^C,  The  autodecomposition 


aFe^CO),H^  - Fe(CO},  + Fe(CO),  + 2H, 

of  the  water-white,  mobile  liquid  is  already  observed  at  —10*,  as 
Is  indicated  by  a slight  reddish  color  [Fe(CO)3],  but  Is  completed 
only  at  higher  temperature*  The  presence  of  even  traces  of 
Fc(CO)5  and  Fe(CO)e  In  the  hydride  Is  indicated  by  a weak  red 
or  yellow  color;  absence  of  color  (only  below  — 10*C)  is  a sensi- 
tive test  for  the  purity  of  the  product.  The  gaseous  hydride 
an  extremely  nauseating  odor* 


REFERENCES; 


. T : J 

W.  Hieber  and  H,  Vetter.  Z.  anorg.  allg.  Chem.  212,  145  (1933). 


■i  4 

An  ether-soluble  iron  carbonyl  hydride  Fe4{CO)i3H* 
isolated  from  the  reaction  of  pyridine- iron  carbonyl  with  aci(^ 

[W.  Hieber  and  E.  Werner,  Chem.  Ber.  286  (1957)],  . , : 

- ■ 


Cobalt  Tetfacarbonyt  Hydride 
Co(CO)jH 

An  alkaline  suBpension  Co(OH)»  absorb  in^ 
of  a small  amount  of  cyanide  to  form  a ^oli^j-on 


F.  SEEL 


in* 

Os|COk«H. 
irttk  «ci<L 


Tl»  hydrl<>®  then  liberated  from  this  solution 


3Co(NO^  -r  IICO  + 12KOH 


£S.I 


24$.4t  (S7i5 

^ 2Co(CO),K  + 4KNO, 


+ 3KjCOi  + 0HiO 


Co<CO)*K  + H^SO*  Co(CO]iK  KHSOi 

9B.t  173.0 


Tbd  sAMic  ftpp&fatus  as  Is  shown  in  Figs*  344  and  345  (se@ 
preparaUon  of  NifCO^l  is  used*  Since  the  acid  decomposition  of 
the  alfcalizie  hydride  solution  produces  considerable  foaming,  a 
second  mincing  vessel*  placed  In  series  with  the  first  one,  is 
rocoounended*  The  evacuated  shaking  vessel  is  charged  with 
14-fi  g*  (Q.05  moles)  of  CotNOs)^  ^ 6 H3O  In  30  ml- of  water. 
22*4  g*  of  KOH  in  22  mh  of  water,  10  mh  of  water,  3,2  g-  of  KCN 
in  6 mi*  of  water  (in  this  order),  and  finally  with  10  mi*  of  water* 
Tten  stopcock  fti  is  connected  to  a gas-liquid  mixing  vessel 
equipped  with  a fritted  disk  and  containing  an  alkaline  pyrogallol 
solution*  The  vessel  is  conneoted  to  a calibrated  gasometer 
containing  6 liters  of  CO*  After  flxishing  the  inlet  piece  via  stop^ 
cock  ha*  the  gas  la  admitted  to  the  shaking  vessel;  the  latter  is 
flushed  briefly  via  h^*  ha  is  closed  again,  and  the  assembly  is 
shaken  on  a machine  xmder  CO  pressure*  The  CO  absorption  may  be 
otBferved  via  the  pyrogallol  wash  bottle:  it  varies  with  the  intensity 
of  shaking  and  even  quantitative  absorption  may  occasionally  be 
achieved*  During  the  absorption,  the  initially  brown  suspension 
Is  converted  into  a yellow  solution  which,  in  the  case  of  absorption 
of  the  theoretical  amount  of  CO,  is  nearly  free  of  suspended 
ittatter  aikd  consists  of  a solution  of  Co(CO)^* 

The  free  hydride  is  Isolated  In  the  same  way  as  described 
to  the  precedtog  preparation  of  Fe(CO)*Ha.  On  the  same  scale 
ef  preparation,  the  acid  decompoaltlon  requires  60  ml.  ofS0% 
sulfitrlc  acid.  The  hydride  is  finally  sublimed  from  a bath  maln-^ 
^^*f*®*^  — 30“C  to  a cooler  condensing  trap. 


teOf^BHES; 


„ ptre  solid  Iqrdride  is  completely  colorless  and  orystal- 
— >26.2*c  to  a light^yellow  solution  which  changes 
at  slightly  higher  temperature  { beginning  of  do- 
to  [ColCO)*]^^.  In  gas  form  Co(CO)4H  has  a nauseah* 

■V mrt  aad  to  extremely  toxio. 
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m9 


HEFEnENCES: 

W.  Hieber  and  H.  Schulten.  Z,  anorg.  aUg.  Cbem.  JgS,  i9  (193)7); 
A.  A.  Blanchard  and  P.  Glimont.  J.  Amer.  Chem*  Soo.  6^. 
1192  (1940). 


Iron  Corbonyl  Mercury 
Fe(CO)^Hg 

Fe(CO)j  + HgSOj  + BjO  = Fe(CO),Hg  + COe  + H*SQ( 

19S.9  296,7  s«e.s 

A solution  of  'i'.S  g.  <0-025  moles)  of  HgSO*  in  50  ml.  of  10% 
KbS04  is  shaken  with  3.5  ml.  (5  g.)  of  Fe(CO)s  at  room  tempera- 
ture to  yield  a dark-yellow,  microorystalltne  precipitate  of 
Fe(CO)4Hg.  The  precipitate  is  collected  by  filtration,  washed 
several  times  with  dilute  H3SO4.  2-3  times  with  2N  HCl.  then 
with  water  and  acetone,  and  dried  In  vacuum. 

PSOPIRTIES: 

Insoluble  in  common  solvents.  Decomposes  at  about  ISO^C 
into  Fe,  Hg  and  CO.  Reaction  of  HgCla  with  Fe(CO)s  gives 
FetCO)4HgaCls, 

aSFERENCE: 

H.  Hock  and  H-  Stuhlmann.  Ber,  dtsch.  ohem.  Ges.  61,  2097  (1928); 
62,  431  (1929). 


Cobait  Carbonyl  Mercury 
[Co(CO).],Hg 

Produced  by  reaction  of  solutions  of  a salt  of  Co(CO)4lTvStb . 
Hg  (II)  salts.  The  optimum  preparative  method  requires 

in  an  ammonia  solution.  - 

iiotl'.:- 

2 [Co(CO)i]NH4  + HgOt  = [Co(CO)4],Hg  4-  2NH*C1 
37a0  271.5  ^2.6 

The  potassium  salt  of  Co(C0)4H  la  prepared  as  described.^ 
page  1764.  However,  only  one  half  the  amount  is-ueeded^Hj^ 
shaking  vessel  is  ©vacuatedi  and  2S  m1.^  of  a saturated^W^'-; 


F,  SEtL 


mMtlM  (correspond ijng  to  about  10  g*  of  NH+Ci)  3,5  g.  of 
IM'l*  to  100  mU  of  water  are  added  In  that  order.  The  instantly 
tar^vi  ochre  preolpltate  consists  of  [Co{COj4iaHgi  HgNHaiCl  and 
treoos  of  Hg*  Tho  reaction  fUsk  Is  immediately  opened^  the 
prectottate  Is  collected  by  filtration  (without  any  special  protective 
and  washed  twice  with  water,  dilute  hydrochloric  acid 
Ao  dlssolw  HgNHaCl)  and  finally  again  with  water.  The  crude 
product  Is  dried  In  a desiccator  and  dissolved  in  some  acetone; 
mlnr  is  added  until  persistent  turbid!^.  The  product  Is  left 


ill  a refrigerator  to  crystallize, 

AKarnale  method:  precipltationfromasolutlonof  [Co(C0)^]>*H4, 
as  prepared  by  the  dithionite  method  [see  section  on  Ni{CO)^,  p* 
1747  L]  EW,  Hieber,  E.  O,  Fischer  and  E.  Bocky,  Z,  anorg,  alleg* 
Cbero,  269,  30S  (1952)], 


PROPERTIES: 

Orange  needles;  very  stable;  Inaoluble  in  water  and  dilute 
noaoxidiztog  acids;  readily  soluble  in  ethanol,  ether,  acetone, 
benzene  and  other  similar  solvents  [in  contrast  to  Pe(C0)4Hg]. 
An  easily  prepared  compcund  and  an  excellent  starting  mate- 
rial for  the  preparation  of  other  cobalt  carbonyl  compounds.  Thus, 
[Co(CO)4lgHg  may  be  converted  by  alkali  sulfides  into  alkali  salts 
of  Co(CO)4H,  from  which  the  hydride  Itself  and  Co{CO)4  may  be 
Ofhiained. 

In  a similar  manner,  other  heavy  metal  derivatives  of  Fe(CO)4H 
and  Co(CO>4H  may  be  obtained  by  this  double  decomposition* 
Etoivatives  of  Co(CO)4H  and  Zn,  Cd,  Hg,  In,  T1  are  obtained 
directly  from  the  metals  and  CO  in  high-pressure  syntheses. 

REFERENCES; 


W,  Hieber  and  H,  Sehulten*  Z*  anorg*  alig.  Chem,  232,  24  (1937); 
W-  Hieber  and  B.  Pack,  Ibid,  101  (193&);  W,  Hieber  and 
U,  TeUer,  Ibid.  43  (1942). 


Ethylenediamine  Iron  Carbonyl 
IF^  en,l  [FBi(CO)*J 

compound  are  complex  salts  of  polynuclear 
“'O®  carwwyl  hydrides, 

AFe(CO)t  + 3en  = [Feen,]  [Fei(CO),l  + 7CO 

5?18  J55^I. 

can  be  siuscessfuUy  prepared  only  under  cona- 
condUloa^  The  et^lenediemtoe  (FWJ^  ethylene- 
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diamine  Iiydrate)  and  the  solvent  pyridine  muni  be  completely  free 
of  water.  The  presence  of  pyridine  Is  essential  to  the  re&dtldn,, 
The  apparatus  shown  In  Fig,  346.  conslsUng  of  the  reaction  Tessel 
frltted-glass  filter  attachment  g.  and  dropplngfmms]  ^nd 
t,  iB  recommended. 


Fig,  346,  Preparation  of  ethylene'* 
diamine  iron  carbonyl,  a reaction 
vessel;  g frittod-glass  filter;  k 
stopcock;  s ground  joint  adapter; 
t dropping  funnel  attachment. 

With  vessel  a pointed  downward,  a solution  of  1.4  g.  of  the 
diamine  in  20  ml,  of  pyridine  is  mixed  with  8 g.  of  Fe(CO)j^ 
vessel  a is  closed  with  a ground-glass  stopper  at  s and  connected 
to  the  atmosphere  via  the  stopcock  h and  a wash  bottle  filled  vdth 
cone,  H^04,  The  reaction  mixture  is  then  heated  on  a watear  hath 
to  80 °C  for  four  to  five  hours.  After  about  one  hour  of  heating 
<uow  red)  solution  starts  evolving  gas  bubbles  and  caatianes^tp 
do  so  until  the  reaction  is  finished.  At  end  of  the  reactloh^  tite 
solution  1b  cooled,  the  dropping  funnel  t is  connected  to  s,  and  Qie 
product,  which  forms  in  copious  quantities,  is  filtered  thrtai|^  g. 

It  is  washed  on  g with  pyridine  and  anhydrous  ether;  for  a'n»*t 
purification,  it  is  again  triturated  with  ether  and  reflltered. 

2.6  g.  (60%  on  the  basis  of  the  diamine).  ^ 

SYNONYM; 

Trietbylenediamine  iron  (II)  octaoarbonyl  diferrate  (II). 

PROPERTIES;  . . .4' 

Brick-red  monoclinic  (or  triolinlc)  and  very  shiny 
stable:  insoluble  In  organic  solvents,  Including  pyrlduss.  . 


SEEL 


W Hlaber  w»d  F.  Sonnekalb.  Ber.  dtsch,  chfem.  (^s.  61,  563 
Hiober,  J.  Sedlmeier  and  R,  Werner.  Chem-  Ber. 

9$,  978  (19&7). 


pyridine  Iron  Ccirbonyi 
py*] 

5Ftf(CO)i  6pr  (Fe  py,]  lFe,(CO)tj]  " t CO 

S39.^  4-4.G  111-9 

Tbi$  substance  must  be  prepared  m c^^mpiete  absence  of 
fcivj  under  Tiitrogen;  this  is  best  done  in  the  apparatus  shown  lii 
Fig*  346* 

The  bulb  is  charged  with  5 of  Fe(CO}+;  the  latter  is  then 
freed  of  the  always  present  traces  of  Fe^Oi-  This  is  done  by 
pouring  over  it  some  methanol  and  then  heating  with  20%  HCl  on 
a water  bath  for  four  to  six  hours  (no  oxygen  may  be  present)* 
The  solution  Is  suet  ion- filtered  through  the  fritted  glass  and  washed 
with  dilute  HCl,  dry  methanol  and  dry  ether;  the  residue  Is  dried 
m a hi^  vacuum*  For  this  final  drying,  the  dropping  funnel  is 
replaced  a stopper  at  s and  the  apparatus  connected  at  to  a 
cooled  trap  and  the  vacuum  pump* 

The  purified  Fe(C0}4  is  then  reacted  at  with  6 mL  of  dry 
and  air-free  pyridine,  the  reaction  taking  place  in  the  evacuated 
apparatus*  The  reaction  is  accompanied  by  foaming  and  evolution 
of  COf  and  ends  in  a short  while,  the  green  color  of  the  Fe{C0)4 
solution  turning  intense  red* 

After  0*5  hour  the  product  £s  collected  by  filtration,  washed 
laiefly  with  pyridine*  then  with  dry  petroleum  ether  and  absolute 
rflier*  and  dried  in  a high  vacuum*  Yield:  2,3  g,  (70%),  the  re- 
mauider  being  retained  In  the  mother  liquor, 

AUermtie  method:  Direct  synthesis  from  Fe(CO)t  and  pyridine 
in  a seated  tube  at  120“J140^C, 

STWOKYl*: 

Sexaiyridine  iron  (II)  trldecacarbonyl  tetraferrate  (IT). 

PBOPEKTIES: 

Nearly  blacker  deep-red  crystals,  extremely  pyrophoric. 

MBPEUOfCES: 

t?*  E.  Becker.  Ber.  dtsch,  chem.  Ges.  63,  1414  {1930); 

^ W™lbauer.  ibid.  65,  1088  (1932);  W.  Hieber 
aMM*  Werner^  Chem*  Ber,  90,  2S6  (1967)* 


*.  CARBONYL  AND  NITR05YL  COMPOUNDS 
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Potassium  Nitrosyl  Tricarbonyt  Ferrdto 
{Fe(C0}.N01K 

Fe(CO}s  -V  KNOf  - [Fe(CO)jNOlK  + CO  + CO, 
ia5.9  B5.L  2090 

The  reactor  in  this  case  is  a one -liter,  three-neck  flask  fitted 
with  stirrer,  refliDc  condenser  and  gas  Inlet  tube.  To  start  with, 
the  air  is  completely  displaced  with  very  pure  nitrogen^  then.  45  g, 
of  jCSSOs  is  dissolved  in  400  ml.  of  methanol  with  vigorous  stirring 
(the  KNOa  is  premelted  and  then  cooled  on  a cold  porcelain 
surface  to  give  small  droplets}.  Following  this,  67  ml*  (0*5  moles) 
of  freshly  distilled  Fe(CO)e  is  added  via  the  condenser  and  the 
mixture  Is  cautiously  heated  to  3C-3S“C.  The  reaction  starts  In 
a short  while  and  is  accompanied  by  vigorous  evolution  of  ga^; 
since  the  reaction  is  highly  exothermic,  It  must  occasionally  be 
moderated  by  cooling  in  cold  water.  The  gas  evolution  slows 
down  in  about  three  hours t the  mixture  Is  heated  at  60 *C  for 
30  minutes  and  then  cooled.  Finally,  the  stirrer  and  the  reflux 
condenser  are  replaced  by  stoppers,  and  the  solvent  and  unreacted 
carbonyl  compound  are  distilled  off  in  aspirator  vacuum^  To 
shorten  this  distillation  somewhat^  It  is  permissible  to  heat  slightly 
(but  very  carefully}* 

The  dry  crude  product  can  be  used  immediately  for  the  prep-^ 
aratiau  of  FefNOgJtCO}^^  However,  there  may  arisen  need  to 
purify  It,  especially  to  remove  excess  nitrite  and  decomposition 
products.  In  this  case,  the  crude  product  ts  extracted  (In  the 
absence  of  air  and  light)  in  a Soxhlet  apparatus  with  200  ml*  of 
ether  until  the  reflux  is  colorless.  Evaporation  of  the  extract 
under  reduced  pressure  yields  a bright-*orange  Addition 

of  toluene  or  xylene  to  the  ether  solution  gives  the  salt  as  fine 
crystals.  Yield:  60  g,  of  crude  product,  which  on  careful  workup 
yields  45  g*  of  pure  substance, 

PROPERTIES:  ' 

Orange-yellow  salt,  very  sensitive  to  ll^t  and  air,  espeojWlSf 
when  in  solution.  Mi  operations,  including  the  purification*  ; 

be  conducted  in  a darkroom  under  red  llgbt.  The  prQduc^-'ls>3rt^^ 
in  a vacuum  desiccator  lined  with  black  paper*  the  deeioca^l^^^<; 
pref lushed  several  times  with  nitrogen,  and  is  then  evaedftfeSwii’' 
When  stored  under  such  conditions,  the  preparation  is 

for  some  time.  ^ j vii 

The  sodium  salt  is  obtained  in  nearly  qaantitattve 
reaction  of  Fe(CO)s  with  NaNO*  in  absolute  metSwaOl!^^ 
presence  of  2 molar  equivalents  of  NaOCIla  pwr  mole  of 


P.  SECt- 


w. 


WMlkKNCES' 

&Bd  H.  Beutner. 
M.  J*  Hossed.  C.A.  53, 


Z.  Nsturforschg. 
9592  (1969),  U- 


15b,  323  (I960): 
S.  Pat.  2,865,707 


Iren  Dinitrosyl  Oicarbonyt 
Fe(NO)t(CO), 


txa  - (Fe<CO),NOlK  + CO-  + H,0  - Fe(CO),{NO)i  + 2KHCO, 
aufto 

Tb<s  compound  is  prepared  in  the  same  apparatus  as  nickel 
carbopyi  (p,  J747  fL;  Pigs.  344  and  345),  First,  tho  shaking  vessel, 
which  in  this  case  is  used  as  a dropping  funnel,  is  charged  with 
42  g.  (0,2  moles)  of  fFe(CO)3NO]K;  after  evacuation,  a solution 
of  17  g-  of  KNOa  or  14  g,  of  NaNOa  in  150  ml.  of  water  is  added- 
Thppi  the  shaking  bulb  is  attached  to  the  gas-liquid  mixing  vessel 
>nrt  the  entire  apparatus  flushed  with  a moderately  fast  stream 
of  air-free  COa- 

The  brows  nltrosyl  carbonyl  vapor  appears  the  moment  the 
soliUion  IS  allowed  to  flow  into  the  mixing  vessel;  the  vapor  Is 
condensed  in  the  Dry  Ice-coolcd  traps,  where  it  deposits  as  a 
fari^t  orange  coating.  To  speed  up  the  transfer  of  the  vapor 
to  the  iraps,  the  reaction  flask  Is  heated  in  a water  bath.  However, 
the  flask  temperature  should  not  exceed  35 ®C,  If,  as  may  happen 
(especially  at  the  start  of  the  ejqjeriment),  some  of  the  vapor 
condenses  in  the  connecting  tubes,  it  is  driven  into  the  cold  traps 
by  gentle  heating  with  a hair  dryer-  The  brown  vapor  disappears 
after  a while,  the  preparation  Is  stopped,  and  theCOainthe 
afg&ratus  is  displaced  with  pure  nitrogen.  The  produce  may  be  re- 
BiiMimed  onto  PaOs  in  high  vacuum;  from  there,  it  may  be  driven 
faito  ampoules,  which  are  then  stored  in  a freezer  and  protected 
from  light  to  avoid  decomposttton.  The  yield  is  approximately 
30-25  g.  (60-70%). 

PiX»f-f:irnESr 

beautiful  deep-red  crystals.  M,p.  18,5*C.  The  liquid  has  a 
tendency  to  supercool;  decomposes  at  50 ®C.  Insoluble  in  water, 
noiulde  m organic  solvents;  readily  oxidized  by  air.  Can  be 
dintyial  wltnmit  extensive  decomposition  only  at  temperatures 

liw'r'  ^ 


tOLSTSaTtCZSi 

W-  mejm  and  J,  St,  Anderson,  z.  anorg.  ailg.  Chem.  208,  238 
<W83>!  tiZ  (1933);  F.  Seel,  Ibid.  40  (1952). 


CARBONYL  AND  PJ I TIK>SYL  COM POUNOA  ^ ^ 

Cobdtt  Nitrotyl  Tricdrbonyl  tf/ 

Co(NO)(CO},  ’ 

Prepared  in  the  same  way  as  Fe(NOU(CO)a.  thatSs,  tw  reacUw 
of  the  solutiosi  of  Co(CO)  obtained  ^ the  cyanide  process  wl& 
nitrite  and  COg.  ; 

[Co{CO)*]K  + KNOj  + 2COi  + 2HjO  = CO{NO)(C:0},  + 2KHCO. 

«iai  aai  i7i,o 


PROPERTIES: 

Cherry-red,  very  volatile  liquid;  m.p.  — 1.05*C,  b.pw  48.6*C, 
decomposition  temperature  55  ®c.  Insoluble  in  water  and  very 
stable  if  kept  under  water;  miscible  in  all  proportions  wU^ 
ethanol^  ether,  acetone,  benzene  and  other  organic  solvents, 

REFERENCES: 

W.  Hieber  and  J.  St,  Anderson.  Z.  anorg.  allg.  Ghem.  2^,  238 
(1932);  132  (1933);  F.  Seel.  Ibid-  2^,  40  (1952). 


Ornrirosyl  Cobalt  Halides 
(NO)rCoC[,  (NO),CoBr,  (NO)»C«I 


2CoCli  + Zn  + 4NO  = 2(NO)!CoCl  + ZnCU 
aS9.fl  0*4  S9.8J,  304.S 

aCoBrs  + Zn  + 4NO  = 2(NO)»CoBr  + ZnBrt  ■/ 

437.6  453.B 

2 Colt  + 4NO  = 2{NO)iCol  + It 
635,6  S47,e 

The  apparatus  consists  of  a 70-cm,-long,  2-cm,“0,D.; 
tube  surrounded  by  a lS-cm.-long  metal  block  with  a therniQto 
well.  The  block  la  heated  with  a gas  burner,  thetfemf— 
being  controlled  automatically  by  means  of  a relay 
valve  in  the  gas  line,  which  in  turn  is  tripped  by  a 1 
element  in  the  thermowell.  The  rea^or  tube  is  connected 
tee  so  that  either  dry  Na  or  NOg  may  be  passed  through. 

Is  generated  from  NaNOg  and  20%  H^O+,  waa^d  fi^e  .i 
with  50%  KOH,  and  dried  In  a train  cot^lsting.  of 
cone.  CaCla,  NaOR  ^ P^Os 


to  a 


F.  SEEU 


«f  tto  connected  with  ground  Joints  or  fused 

''*T^*^raw  material  for  the  iodine  compound  oonsletB  of  about 
1 - ot  anhydrous  Col,  placed  In  a porcelain  boat,  wWch  (s  ^en 
^7nrlort  into  fli6  front  part  of  the  gl^ss  tub^;  tho  latter  is  then 
off  with  a wash  bottle  containing  cone.  H^(SC4.  The  traces 
of  moisture  carried  in  with  the  Col,  are  then  removed  by  heating 
to  130'C  (by  means  of  the  metal  block)  while  passing  through  a 
steoam  of  K>  After  cooling,  the  N,  is  displaced  with  NO  and  the 
tompeFature  is  again  raised  to  70~80”C.  At  this  point,  the  reaction 
of  NO  with  Cola  U so  rapid  that  the  pressure  in  the  apparatus 
drape  to  below  atmospheric;  at  the  same  time  copious  amoimta 
of  iodine  are  given  off.  The  substance  sinters  and  takes  on  a 
Tlolet  sheen.  The  temperature  is  now  raised  to  105 “C  and  main- 
tained at  that  level  for  15-20  hours,  that  is,  until  the  Iodine 
vapors  are  displaced  by  brown  vapors  of  the  nascent  {NO),CoI. 
Tlie  final  residue  !q  the  porcelain  boat  is  a viscous,  blackish- 
brown  mass. 

The  product  must  be  sublimed.  Thus,  the  boat  is  transferred, 
in  a oountercurrent  stream  of  N,,  to  the  other  end  of  the  reactor 
tube  and  the  temperature  is  raised  to  115  *C.  The  beginning  of  the 
sublimation  is  noticeable  by  a brown  deposit;  at  a later  stage, 
beautiful,  flexible,  deep  brown- black,  glittering  crystals,  up  to 
15  mm,  long,  are  formed, 

Tli«  chtortne  <md  brooirtie  compounds  are  prepared  in  the  same 
way,  except  that  a halogen- trapping  metal  {such  as  dust  or 
Co  powder)  must  he  added  in  20%  excess. 


PBOrERTIES: 

Formula  weight  of  (NO)aCoCl:  1B2.4;  (NO)aBr;  226.9;  (NO)aCoI: 
273,9,  After  sublimation,  these  compounds  form  beautiful  black- 
brown  needles  with  a diamondlike  glitter;  these  are  often  1 cm. 
jo^  Melting  points:  (KOlsCoCl:  101  *C;  (NO)3CoBr:  116"C; 
(NO)^oI:  131 Tbe  freshly  prepared  compoiiiids  are  stable 
^ however,  the  oiystals  lose  their  surface 
Bfaeen  ^ aevieral  hours  and  then  decompose  over  a period  of 
oajw  with  loss  of  NO-  The  solubility  in  water  Increases  in  the 
I*BT“Ci  (partial  decomposition)* 

^ in  « analogy  fashion  Iron  (II)  halides  yields  the  dinitrosyl 
WWW  wwiisesi  (NO),FeX,  upon  which  Houssln^s  salts  are  based. 


mnaa$ca: 

Chem.  240,  241  (1939>S 
W.  Hiebwr  and  R,  Nast.  ibid.  2^,  23  (1940). 


4,  CARBONYL  AND  NITROSYL  COMPOUNOB 

Sodium  Dinitrosyl  Thlofarrote* 
Na[(NO)^eSl-4H^ 


1703 


2(NH4^(NO),Fe,S»}  + BNaOH 
{ ■ H,0) 

113-1  24.0 

~ 6Na[{NO),FeSl  + 2Fe(OH)j  + N,0  + 2NH,  + H.0 
t ■ 4 H,0) 

I45.S 


A mixture  of  10  mi.  of  10%  NaOH  with  3 g.  of  Roussin’s  black 
ammonium  salt  is  prepared  and  heated  on  the  water  bath  at 
80'’C»  the  heating  is  continued  until  the  ammonia  odor  disappears 
(in  about  15  minutes).  The  Fe(OH)3  precipitate  Is  removed  by 
suction  filtration  through  a frittod- glass  fubnal  and  tba  roddlah.^" 
brown  solution  Is  evaporated  over  CaCl^i  under  reduced  proBsun^ 
It  Is  left  standing  for  one  day;  beautiful  blacks  red  crystals  separatep 
These  are  collected  on  a fritted- glass  funnel,  washed  with  0^1% 
sodium  hydroxide  solution,  and  dried  between  filter  papers- 


SyNONYM: 


Rous  sin's  red  sodium  salt. 


PROPERTIES: 

Fornuda  wei^t  of  Naf(NO)a^’®S}  170*9S:  of  Na|(NO)flre8J  * 
i H2O  242^.99-  Reddish-black  crystals  or  reddish-brown  powder, 
soluble  in  water  and  ethanol;  Insoluble  in  ether*  Upon  renievaj 
of  excess  basCi  the  compound  is  converted  in  a short  time  fco 
the  black  Koussin’s  salt* 


REPEREMCE3:  " 

O*  Pawel*  Ber4  dtsch*  chem*  Gss*  l&p  1^53  (1879)  { 

U882)*  ■ 


^he  noiEonciature  used  here  and  la  the  following  prej^a^ 
Is  justified  by  the  nature  of  these  complex  aalts.  In  m 

group  Is  bound  in  the  same  way  as  la  the  nltrb^yl 
^ * Seelp  Z*  aaorg«  allgp  Cbem,  249,  308  (1943):  ^ . 


F.  SEEL 


Amifionium  Heptanitfosyl  Trithiotetraferrate 
Na[(NO),FeiS,|  ■ HiO 


SiF^,  - 42NaNO-  ' MtNHi)tS  (63NHj  ^ 34H,S)  t 42  H,0 


- 6NHjU>=0)?Fo4S,1  + 28Ft^OH),  + IBS  + 21  NujSOj  + 31  (NH,),S04 

319 


5.1 


A solution  of  S g,  of  NaNO^*  in  40  mL  of  water  is  mixed  with 
A solution  of  (NH4>3S.  prepared  by  saturating  5 ml*  of  22%  am- 
monium hydroxide  with  adding  5 ml*  of  ammonium  hydroxide 
<rf  the  same  concentration,  and  alltitlng  with  30  mi,  of  water. 
The  final  mixture  is  heated  to  the  boll  and  thus  becomes  a dark- 
brown.  Now,  a solution  of  20  g*  of  FeS04  * 7 HgO  in  160  ml, 
of  water  is  added  at  once  and  the  mixture  is  quickly  reheated 
to  a vigorous  boll*  The  reaction  starts  even  before  the  boiling 
point  is  reached  [precipitation  of  Fe(0K)3  and  S is  evident  from 
tlie  color  change  to  black  and  browni.  Almost  simultaneously 
the  mixture  starts  evolving  nitrous  fumes.  If  a good  yield  is 
desired*  it  is  essential  that  the  gas  evolution  be  suppressed  by 
addition  of  2S  ml,  of  ammonium  hydroxide  (in  small  portions) 
durit^  the  entire  boiling  operation.  After  boiling  for  15  minutes, 
the  hot  solution  is  filtered  as  quickly  as  possible  through  two 
Buchner  funnels  (moderate  vacuum).  The  small  crystals  of  Roussin^s 
black  ammonium  slat  already  begin  to  precipitate  in  the  filtrate 
during  the  filtration*  To  obtain  larger  crystals,  the  filtrate  is 
placed  in  a hot  water  bath,  heated  until  the  salt  is  completely 
dissolvedt  and  allowed  to  cool  in  the  bath.  Yield:  about  1,7  g* 


STOOMTM: 


Ronseln's  black  ammonium  salt* 

PaOrEJRTIES: 

Formula  weight  of  NH4l(NOhFe4S3l  * HaO:  565-7*  Hard.mono- 
cUnic  crystals  with  a dlamondUko  glitter  j soluble  in  water,  giving 
dark-brown  solutlonsi  stable  to 

corresponding  salts  are  obtained  by  a similar  pro-* 

®***”™'  however  no  excess  of  nitrite  is  necessary  in  this  case* 


. ^ Aboiit  double  the  theoretical  amount;  this  compensates 

wr  we  deeompoelttoii  of  the  NH^NO^  present  in  the  solution* 


it  CAnaONYE,.  AND  N|TNO$YL  COMfN)UNDS 


I7<9 


Bt-FEBENCES; 


O.  PaweL 
(1882). 


Ber.  dtsch,  chem,  Ges.  12,  1953  (1879);  IS,  2807 


Ethyl  DtnitrDsyl  Thiofarrota 
[(NO)tFe$CtH,]t 

3FeSO.  ^ 4KOH  + C,H,SH  + 2NO 

( ■ 7 K.O) 

S5fl.tJ  324-t  82.1  44.&L 

= (N0),FeSC,Hj  + Fe(OH)j  + K1SO4  + H.O 

177.0 

The  shaking  vessel  shown  In  Fig,  344  is  charged  with  27.8  g. 
(0,1  moles)  of  FsSOa  * 7 H^O  and  evacuated.  Then,  140  ml.  of 
boiled  water  is  aspirated  In,  the  salt  Is  dissolved  by  shaklitg,  and 
finally  a solution  of  11.2  g.  of  KOH  and  3.1  g.  of  CsHbSH  (3.7  mL, 
0.05  moles)  In  25  ml.  of  water  is  added.  The  apparatus  is  now 
connected  to  a calibrated  gas-measuring  flask  containing  2.5 
liters  of  MO  stored  over  some  solid  KOHj  the  gasometer  is  then 
shaken  on  a machine.  The  initially  slrupy,  off-colOT  slurry  of 
Fe(OH)B  and  Fe(SCgH5>3  becomes  a deep  olive-green  liquid. 
Toward  the  very  end  of  the  NO  absorption  (which  goes  very  fast 
at  the  beginning  and  takes  about  1.8  hours),  the  color  changes 
to  a l%ht  brown.  A small  amount  of  deep-black  crystals  are  evi- 
dent at  the  bottom  of  the  flask  and  sometimes  at  the  surface  of 
the  liquid.  The  NO  is  displaced  with  Ng  and  the  flask  Is  opened. 
The  black  crystals  can  be  separated  from  the  Fe(OH)a,  which  baa  a 
lower  specific  gravity,  by  decantation  and  slurrying;  however, 
better  yields  to  80%)  are  obtained  by  centrifugation,  washing 
the  centrifuge  tube  (once  with  absolute  ethanol  and  3-4  times  with 
ether),  and  recrystalilzatJon  of  the  substance  from  hot  absolute 
ethanol  with  slow  cooling, 

PROPERTIES: 

Glittering  black  monoclinic  crystals,  m.p.  78*'C.  tosoluble  to 
water;  soluble  with  difficulty  in  ethanol;  more  readily  so^e 
in  ether;  readily  soluble  In  CSg,  CHClaandCsHa.  giving  yellowish- 
red  solutions. 


REFERENCES; 

K-  A.  Ho&naim  and  O.  F.  Wlede.  2.  anorg.  Che^  ?i 

H.  Rsihlen  and  A.  von  JTledoleheim.  Liebigs  Ann. 

(1927), 


F.  SEEU 


Dliiitrosyl  Thiosuffatoferrote 
K{(N0)jF*S,0,]  HiO 


3FffifX  * 4KjS*0»  4N0  ^ 2 K[(NO)*FcSiO,)  + K.S.O,  + SKiSOj 


1'TH.Ot 

sa&o 


s9.fi : 


( ‘ H,OJ 
Slfi.3 


This  deiflvative  of  Roussin’s  rod  salt  is  proparfid  by  shaking  a 
mixture  of  the  concentrated  aqueous  solutions  of  28  g.  (0.1  moles) 
of  FeSO*  ■ 7 HsO  and  40  g.  of  K^aOa  under  NO,  as  described  in 
thfc  previous  preparation.  During  the  first  hour,  the  gas  is  ab- 
sorbed especially  rapidly  and  the  solution  turns  Intensely  brown. 
Later,  KrtNOjaFeSaOs]  * H?0  separates  out  in  leaflets  of  brass- 
Uke  glitter.  The  substance  is  collected  by  filtration,  washed  with 
ethanol,  and  dried  in  vacuum  over  cone,  sulfuric  acid. 


raoPEeTiESL 

Formula  weight  of  KI(N0)aFeS30a]  - HsO:  258.1.  Only  slightly 
soluble  In  cold  and  warm  water;  decomposes  in  boiling  water. 

The  same  procedure  is  used  to  prepare  the  sodium  salt, 
NaffNOlgFeS^Oa}.  In  this  case,  crys tali i nation  is  slower  due  to 
the  greater  solubility  of  the  product. 

Finally,  the  same  method  may  be  used  for  the  preparation  of 
the  corresponding  cobalt  and  nickel  compounds  Kaf  (NO)  300(8203)3], 
Ud  K3l(NO)Ni(SaOa)a]. 

BEFERENCES: 

K-  A.  Hofmann  and  O.  F.  Wiede.  Z.  anorg.  Chem.  8,  319  (1895); 
W.  Hanchot.  Ber.  dtsch,  chem.  Ges.  59,  2445  (1926). 


Poto$&ium  Nrtrosyl  Cyonomoiybdote 

K4l(NO)Mo(CN),]HiO 

M<iO,  SKCN  + e(KH,OH)Cl  + SKOH 
335.6  417.0  £80.5 

= K,[(NO)Mo(CN)i1  + 2Nt  + NH»  + 0KC1  + 12H,0 

( HiOl 
412.4 


"wctlon  is  baaed  on  reduction  with  NHoOH  anddis- 
of  the  Utter  Into  NOH  and  NHa.  Thus,  5 g.  of 


4,  CARBahtYL  AND  NlTROSVi*  COMPOUNDS 


MoOs  powder  is  treated  with  10  ml*  of  a solution  of  25  gj  oitICOll 
in  20  ml.  of  water;  the  mixture  Is  stirred  to  the  point  where 
thing  Just  dissolves.  A saturated  aqueous  solution  contaiaine  20' 
of  KCN  Is  then  added  and  the  mixture  filtered  througha^lw^ 
porosi^  fritted-glasa  funnel.  Then,  17.5  g.  of  (NHaOH)Cl  Is  ^4^*^ 
to  the  filtrate  and  the  mixture  stirred  until  the  (NKeOIQCl'lji 
dissolved.  The  red  solution  is  now  heated  on  a water  bath 
30  minutes;  then,  an  additional  10  ml,  of  cone.  KOH  is  added. 
At  this  point,  the  red  color  changes  to  a light  yellow  and  Uldh 
slowly  turns  to  violet.  The  appearance  of  the  violet  color  la 
companied  by  the  evolution  of  NH3  and  Is  quickly  followed  by  thh 
separation  of  the  violet  NO  compound.  The  latter  is  collected 
(after  cooling)  l;y  filtration,  washed  with  alcohol  and  ether,  re- 
dissolved in  a minimum  of  hot  water,  and  quickly  filtered  into 
cold,  50%  potassium  hydroxide.  The  deep-violet,  crysUlline 
compound  reprecipitates  (the  mixture  must  sometimes  be  left 
standing  overnight);  it  is  washed  with  ethanol  and  ether  and  dried 
in  vacuum.  Yield:  40%. 

PROPERTIES: 

Hygroscopic:  decomposes  in  air,  becoming  lemon-yellow.  May 
be  stored  indefinitely  under  nitrogen;  in  vacuum,  may  be  heated 
up  to  180 '*C  without  decomposition  or  loss  of  water  of  cryetaL- 
li  nation. 

Readily  soluble  only  in  water;  insoluble  in  all  the  usual  orgai^ 
solvents  such  as  ethanol,  ether,  benitene,  acetone,  pyrldih'B^ 
chloroform,  CCl*  sjid  CSg.  The  aqueous  solution  is  quite  unstably 
and  decomposes  after  a short  time  with  loss  of  color, 

RErEHENCE: 

W.  Hleber.  R.  Nast  and  G.  Gehring,  Z,  anorg.  allg.  Chem.  Z6|j 
173  (1948). 


Potassium  NHrosyl  Cyanomanganote 
K,[(NO)Mh(CN)») 


a 


K,[Mn(CN),]  + 2(NHiOH)Cl  -t  3KOH  . . 

139-0 

= K,[(NO)Mn(CN)»l  + KCN  + 2KG  + NH,  + 4H^ 
932.3 


A solution  of  16,4  g:  (0.05  moles) 
i6%  KCN  solution  is  treated:,(4n 


of  K^[Mh(eN)al  to 
tM#  7 


I 
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imUOiOCk  w4  * soluttM  of  8.4  g,  of  KOH  in  20  ml,  of  water.  The 
IkMw*  te  thou  slowly  heatedi  whereby  it  becomes  brown,  then 
vtoHu  Al  Ate  point  flooculent  Mn(0H)3  appears  occasionally  due 
In  todrebtic  olaavage  of  the  K3[Mn(CN)al*  The  end  of  the  reaction 
^ by  a dark’^vloiet  color  of  the  solution  and  termlna- 

tioa  ot  tb»  NHa  evolution-  After  cooling,  the  solution  is  made 
acidic  by  addition  of  aoetio  add,  and  g,  of 
lMlCHaCOt)»  - 4 in  60  ml*  of  water  Is  added  to  give  a copious 
M roMi%  filtered  rose-red  precipitate  of  Mnaf  {NO)Mn(CN)f5ja: 

K4(NO)MrKCN)iI  I'/s  Mn(CKaCOi)i 

( ■ 4 HiO> 

- '/'i  Mrtj[(NO)Mii(CNj,Js  + CH,CO.K 

S07.4 

Tbe  precipitate  is  carefully  washed  and  digested  with  a solution 
of  35  g.  of  KaCOa  ill  120  ml.  of  water: 

■ .Mn,[(NO)Mn(CN)4,  + IV.K, CO,  - K,[(NO)Mn(CN)J  + l'f,MnCOj 
307J  207.3  332,3 

After  slight  heating  the  solution  may  be  filtered,  if  necessary; 
It  is  then  made  weakly  acidic  with  acetic  acid,  and  a large  excess 
of  ethanol  is  added.  On  standing  for  a few  days,  the  initially 
flocculent  precipitate  changes  to  fine,  deep-violet  crystals,  which 
ue  collected  and  washed  with  ethanol.  When  kept  over  PjOj,  the 
mtiBtaDce  loses  ail  water  of  crystallization  and  is  converted  to  the 
amyous  K3[(N01MB{Chr>6l.  Yield;  80-90%, 

BBF£B£HC£; 

W.  Bieher,  A,  Nast  and  E.  Proeschel.  Z,  anorg.  allg.  Chem.  256, 
167  (1948),  


Sodium  Nitrosyl  Cyonoferrate 
Na,[(NO)Fe(CN).l'2H,0 


K4Ft(CNl,]  + 6 HMO,  - H,[(NO)Fe(CN),]  + 4KNO,  + NH,NOj  -f  CO, 

lM{NO)r«(CN),I  + NatCO,  = Na,[(NO)Fe(CN).]  + + CO. 

mo 


« f®  dlasolve  40  g.  otKilFefCN)®]  • 

« M bO,  «4  water  fsUgbt  heattpg).  Thin.  64  of  nitric 


4,  AND  f+ITROSYL  COMWUNDS 


waw  - 4 

\% 

acid  (d  1*24)  is  added  {stirring)*  The  saixture  iff  dl£edtfd  oiM 
water  bath  at  moderate  temperature  until  a test  drop  ol  the  |«wWfk 
solution  reacts  with  FeSO^  solution  to  give  a dark  giceeii 
than  blue)  precipitate.  After  standing  for  1-2  days, 
is  just  neutralized  with  NagCOa  (an  excess  must  be  avoided).  Tfi* 
neutralized  solution  is  heated  to  the  boil,  filtered  and  quickly  con- 
centrated to  a small  volume.  After  cooling,  an  eq>ial  volume  of 
ethanol  is  added  to  precipitate  most  oftheKNOa.  This  Is  separated 
by  filtration,  and  the  solution  Is  quickly  reooncentrated  to  remewe 
the  ethanol.  The  dark-red  solution  yields  crystals  on  standing; 
these  are  suction- filtered  and  washed  with  some  cold  watsl^. 
Further  crystalline  material  is  obtained  by  repeating  the  evapora- 
tion of  the  mother  liquors, 

SYNONYM: 

Sodium  nitroprusside. 

PROPERTIES: 

Ruby-red  orthorhombic-bipyramldlc  crystals.  One  part  is  solu- 
ble in  2,5  parts  of  water  at  16^C, 

REFERENCES; 

L.  Vanino,  Handb,  d.  prSp-  Chem.  [Handbook  of  Preparathte 
Chemistry],  Inorganic  Part,  Stuttgart,  192$,  p.  3S5;B.  WUa. 
Arch.  Pharm.  131,  26  (1865), 


Sodium  Corbony!  Cyonoforroie 
Nflit(CO)Fe(CN)J 


Easily  prepared  via  reaction  of  CO  with  WaatFeCOHaHOSjt^, 
which  la  tura  Is  obtained  from  sodium  nitr9ptuBSldei  ;■  . ■ 

a)  Na.[(NO)Fe(CN)J  + (NHrf)H)Cl  + Na,CO,  ^ - 

‘2^9si!o^*  M-5 

= Nat(Fe(OH,}(CN)»]  + + NiO  + CO»  + 

273.9 

A solution  of  20  g.  of  sodium  : 

in  80  ml.  of  water  Is  prepared;  rtf 

and  7 g.  of  (NHsOH)Cl  is  some  water  is  add^.  G« 
immediately  and  the  soluUon  turns  a greenish  brcwn. 
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F.  SEEL 


httMt  Ito  liiwiuct  is  pr®clpltiit©d  fts  a brown. ta.r  with  three  volumes 
«t  tiV — » 9y  r«psftted  aolntloo  in  water  and  reproclpltatlon  with 
— ^1  Na9|FetOH^(CN)5l  la  obtained  as  a yellow  powder,  it  Is 
tMpwtent  (o  keep  the  temperature  below  5*C  to  avoid  formation 

Na4PelCN)t]  and  Iron  hydroxides. 

^ N*,[FetOM,)(CN),)  + GO  = Na,[(CO)Fe(CN},]  -H  H.O 

172.9  2flS.9 

Tb^  frwhly  pr^psred  aquo  complex  (13  gj  Is  dissolved  In  35 
VkL  boiled  water  and  introduced  into  an  evacuated  three- neck 
tUsk  fitted  with  a vacuum-tight  mercury-seal  stirrer^  a dropping 
fimnel,  and  gas  inlet  and  outlet  tubes.  By  repeated  flushing  and 
evacuation ^ the  flask  is  filled  with  carbon  monoxide  (pre washed 
with  an  alkaline  pyrogallol  solution).  When  vigorously  stirred,  the 
solution  starts  to  absorb  CO  at  a fast  rate;  after  24  hours  and  ab- 
sorpffon  of  &S 96  of  the  stoichiometric  quanti^  of  CO,  the  reaction 
is  complete^  The  flask  must  be  protected  from  light  during  the 
reaction.  The  product  is  precipitated  from  the  greenish^bluo  solu- 
tion by  addition  of  200  r^.  of  ethanol  containing  0.5  g.  of  NaOH;  it 
Is  filtered  in  air.  After  washing  with  some  absolute  ethanol,  the 
complex  is  obtained  In  analytical  purity* 

Since  Naa[(CO)Fe(CK)ft]  is  somewhat  soluble  in  ethanol,  it  is 
recommended  to  work  up  the  aqueous -alcoholic  filtrate.  To  this 
end  the  filtrate  is  evaporated  to  dryness  at  12  mm.  and  40-5 0*C 
(bath  temperature) j the  residue  dissolved  m the  minlxuutn  amount 
of  water,  and  all  Fe(0H>3  filtered  out.  The  filtrate  is  concentrated 
to  crystallization  in  a vacuum  desiccator  over  cone.  H^O^;  a 
very  small  quantity  of  mother  liquor  should  remain.  The  crystals 
are  collected  by  filtration,  washed  with  some  ethanol,  and  dried 
at  110*C,  Yield:  lig  to  90%. 

PaOPSBTIES: 

Pale-yellow  needles,  surprising  stable* 

BEFEHJENCE; 

^ Bartenstein.  2.  ajjorg.  ailg.  Chem-  m, 


section  5 


AlUys  and  IntermetalUc  Compouttds 

G,  BRAUEA 


Generol  Remarks 

The  usual  laboratoiy  preparation  of  alloys  conststs  of  fusion  of 
the  metallic  ootnponentSt  This  method  allows  a stmide  control 
over  the  quantities  of  reagents  so  as  to  reach  the  desired  com> 
position.  If  the  changes  of  the  phase  diagram  of  the  metal  system 
are  known  as  a function  of  the  temperature,  this  method  also 
allows,  in  most  cases,  the  preparation  of  definite  intermetallic 
compounds.  Occasionally,  however,  it  is  difficult  to  obtain  the 
required  homogenei^  in  the  product  because  some  of  the  reagents 
may  burn,  evaporate  or  react  with  the  fusion  vessel. 

By  comparison,  other  methods  for  the  preparation  of  allqjre 
are  less  used  in  the  laboratory,  although  in  special  oases  the' 
optimum  methods  may  involve  reduction  (chemical  or  electrolytic) 
of  metallic  compounds,  hi  addition,  some  intermetallic  com» 
pounds  are  best  obtained  as  residues  remaining  after  the  corre- 
sponding basic  alloys  are  dissolved.  However,  a knowledge  of  the 
temperature- Induced  transformations  of  the  phase  diagram  Is  of 
the  greatest  importance  in  all  cases,*  thus,  the  literature  resfer- 
etices  below  must  be  consulted,  if  at  all  possible. 

Due  to  the  enormous  number  of  possible  and  known 
and  intermetallic  compounds,  a full  description  cf  all  prepare-, 
tlve  methods  is,  of  course,  impossible.  It  is  even  lees  feae^e^ 
to  cite  all  the  most  Important  compounds  separately.  This 
therefore  contains  only  a selection  of  typical  laboratory 
dures;  these  are  examples  which  may  be  adapted  to  other 
oven  If  the  latter  are  unrelated.  Only  a few  individual  pr^axi^to^ . 
we  given  in  detail. 

Further,  it  should  be  pointed  out  that  preparative  method 
for  metallic  compounds  overlap  those  for  semlmetale  and 
^netalllc  compounds,  For  this  reason,  many  of  the  ^i«t3^ 
cited  here  are  derived  from  those  for  nonmdtalHo  compdj^i 
others,  which  stem  from  metallurgy,  may  also  be 
other  BUbstances. 
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CottocKd  plmse  diagrams  of  metallic  systems: 

«,  Hansen  and  K.  Anderko.  Constitution  of  Binary  Alloys.  New 
Tork-Toronto-London,  19S8;  Landolt-Bori^teim  Zahlenwerte 
und  Funktlonen  [Numerical  Values  and  • X?  ’ 

Part  S.  fiUiEd..  Berlin-Gottingen-Heidelberg.  1956;  W Hume- 
RoUke^y  aL  Metallurgical  EquiUbrlum  Diagrams,  London, 
1952:  E.  Janecke.  Kurzgefasstes  Handbuch  aller  Legierungen 
rSbort  Handbook  of  Alloys} » Heidelberg*  1949;  T*  Lyman  (Amer, 
Soc,  Metals)*  Metals  Handbook,  Cleveland,  1943  {Binary  and 
Ternary  Alloys);  J*  L.  Haugbton.  Bibliography  of  the  Litera- 
ture Relating  to  Constitutional  Diagrams  of  Alloys,  London, 
1942;  M*  von  Schwarz*  Metall-  und  Legieriingskunde  (Metals 
and  Alloys],  Stuttgart,  1929  (Blnaryi  Ternary  and  Quaternary 
Alloys). 


Prrp4mi4ji  of  Allots  bj-  the  Use  of  Hc4ii 

Pufity  of  the  Storting  Materials 

Except  for  special  cases  where  some  purification  is  achieved 
by  the  vaporization  that  occurs  at  relatively  high  temperatures, 
ooe  should  not  expect  that  the  product  alloys  will  be  purer  than 
the  startiiig  metals.  Therefore*  the  latter  should  be  as  pure  as 
possible  and  should  contain  a minimum  of  dissolved  impurities 
(‘^internal”  impurities)*  The  external^'  impurities  al&o  cannot 
be  neglected*  Thus,  oxide  layeri  must  be  removed  by  scraping 
or  grinding,  or  by  chemical  etching  with  suitable  acids*  Industrial 
metals  comminuted  by  mechanical  means  (powders*  shavings) 
are  frequently  contaminated  by  traces  of  lubricants.  These  must 
be  removed  by  extraction  with  oiganic  solvents;  otherwise,  they 
tend  to  interfere  with  the  alloy  formation  and  form  carbides* 
Water  and  all  organic  solvents  must  be  removed  by  careful  diylng* 
The  optimum  methods  sometimes  involve  metal  hydrides  rather 
than  pure  metals*  The  procedure  is  useful  mainly  in  the  case 
of  noetals  that  form  stable  hydrides  (alkali  and  alkaline  earth 
metals*  Ti  to  Tfa,  V to  Ta^  Pd)*  The  hydrides  are  readily  reduced 
to  pwders  and  the  contact  of  the  latter  with  the  other  components 
tile  aHqy  le  much  better  than  It  would  be  otherwise.  The 
nenml  decomposition  of  the  hydrides  proceeds  so  easily  that 
ne  formation  of  alloys  is  not  only  not  slower  than  in  the  case 
|nie  metals*  but  is  faster  due  to  the  small  particle  size  of 
Oie  In  addltloup  the  hydrogen  liberated  from  the  hydride 

oxide  impurities^  One  disadvantage  inherent  in  the 
^oFutes  is  that  the  conmiepclal  materials  are  usually  less 
gnB  Ofttt  tlie  corresponding  metals* 


ms 


Ai-LOVS  AND  IHYERMETALLIC  COMPOUMDs 
Forrn  of  th«  Storttfig  MoterJols 

The  starting  material  may  consist  of  chunks,  ingots,  sbavlns? 
or  powders.  Large  chunks  have  relatively  small  surface  ar^ 
thus  introducing  fewer  "external**  Impurities;  they  usually  leave 
less  material  on  the  container  wails.  On  the  other  hand,  mixhirsfl 
of  large  chunks  may  sometimes  be  difficult  to  reduce  to  a homo- 
geneous melt,  especially  if  the  eompoaents  of  the  alloy  differ 
greatly  In  density  or  melting  points.  While  homogeneous  mixtures 
of  powders  already  In  the  solid  state  can  be  prepared,  the  oxide 
skin  frequently  prevents  junction  of  the  particles  even  when  suf- 
ficient heat  is  applied;  in  addition,  powder  shave  a greater  tendency 
to  cling  to  the  container  walls,  again  because  of  surface  oxides.  The 
metal  hydrides  may  be  found  advantageous  in  this  case,  as  mentioned 
above.  The  formation  of  alley  from  powders,  shavings  or  thin 
wires  la  greatly  improved  by  pressing  the  mixture  into  pellets 
prior  to  heating  (suitable  dies  are  described  In  Part  I,  p,  103). 
(They  are  made  from  shape- retaining  "oil- tempered*'  steel  and 
are  hardened  only  after  machini;^  and  careful  fitting  of  the  die 
and  the  matrix.) 

Metals  which  readily  acquire  a surface  oxide  layer  be  cut 
into  a potlike  shape  on  a lathe.  The  other  alloy  components  can 
then  be  hammered  Into  the  hollow  to  assure  an  intimate  contact 
from  the  veiy  start. 

When  two  components  with  widely  differing  melting  points 
are  fused,  the  fusion  pot  should  be  arranged  so  that  the  tower- 
melting  metal  must  run  throu^  the  higher -melting  one. 


Preporotion  of  Storting  Mixtures 

It  is  desired  to  obtain  the  desired  alloy  composition  by  weir- 
ing out  theoretical  quantities  of  the  components  but,  for  various 
reasons,  this  composition  cannot  always  be  achieved  that  simply. 
Frequently  a number  of  successive  preliminary  Bsqferiments 
must  be  carried  out,  whereby  one  gains  the  necessary  expert  - 
G- JIG'S* 

The  most  important  causes  of  deviation  of  the  product  from 
the  desired  composition  are  losses  of  metal  by  vaporization, 
oxidation  or  side  reactions  with  the  material  of  the  fusion  pot. 
bx  such  cases  the  expected  losses  of  a component  a» 
fey  Adding  an  extra  quantity  of  that  component  ® 

mixture,  A rough  approximation  of  the  extra  q^tity  re<^^ 
is  obtained  from  the  fact  that  when  the  preparation  is  oo^ct^ 
properly  and  In  closed  crucibles  (see  below), 
reactive  mixtures  of  alkali  metals  lose  more  than  5%  of  the  sta^ 
it>g  weight. 
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Am  ^p®olkHy  clwut  Wifi^  to  meflBiire  outolkcil!  metals  consists 
tM  Utter  U Binall,  sealed  gUas  ampoules,  from  which 

th^  i}aft  easily  be  removed  by  remelti^ig  (see  the  section  on  Alkali 
IMtas.  p|>.  96L-96T). 


Crucible  ond  Ampoufe  Methods 

Tlkd  alloy  componenta*  weighed  out  with  the  above  consldera^tiona 
ih  mtod*  are  combined  by  fusion  in  crucibles  or  ampoules.  Some 
method  must  always  be  devised  to  minimize  losses  due  to  burning 
or  vaporisation.  In  simple  cases,  where  open  vessels  are  used, 
this  is  achieved  by  covering  the  charge  with  a protective  layer 
of  « salt  or  salt  mixture  which  also  melts  in  the  process.  Alter- 
natively. the  mixture  may  be  protected  by  a blanket  of  an  inert  gasj 
crucibles  may  be  closed  by  a lid  and  ampoules  by  fusing  the  con- 
stricifid  neck.  If  the  closure  is  gas-tight,  some  inert  or  reducing 
gases  may  be  included  and  a vacuum  may  even  be  maintained. 

Several  low-melting  and  salt  mixtoro^  suitable  for 

laboratoiy  use  are  given  in  Tables  1-3  {for  further  references, 
see  Guertler  [1]).  Many  such  protective  agents  are  commercially 
available  for  industrial  use  and  they  can  also  be  employed* 


Table  1 

Melting  Points  of  Some  Salts  Suitable  for  Use  in 
Protective  Layers 


Sait  j 

Rp. 

*G 

LiNO. 

255 

KtNO. 

307 

KNO, 

ua 

B13 

1 

70a 

NaiB,0; 

741 

CaCU 

77i 

KCl  1 

, 770 

N*C1  ! 

301 

KF 

m 

Salt  ®^P'. 


LiF 

&T0 

NsjSO^ 

AM 

KflOt 

947 

BqCI, 

9A2 

WaGO, 

966 

KiSiO* 

976 

KaF 

9S6 

NfliSiO, 

loss 

CsF, 

ia«j 

mixtures  aometimes  react  with  the  molten 
ewifteg  Interfering  in  the  reaction.  Thla 

meet  eaa  be  reduced  adding  KOH, 

otmo  sphere  depends  on  the  metals  of 
fiequenHy  used,  except  when  large  ^juanti- 
«f  IflrWdB-foiming  alkali,  alkaline  earth  or  rare  earth 
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Table  2 


Melting  Points  of  Some  Binary  Salt  Mixtures  with 
Uniform  Melting  Points 


VVt, 

% 

Salt  [ 

% 

' Sftlttl 

'Mp.^ 
i ^ 

73 

2T 

Li  NO, 

' 132 

55.^ 

N;iNOi 

44.7 

LiNO, 

20s 

46 

LiCi 

54 

KCl 

852 

67 

LiCl 

43 

KCJ 

580 

GI.4 

KCl 

38.6 

426 

44 

N-^C\ 

56 

MgCti 

436 

n 

UF 

86 

LiCl 

4S5 

NnCl 

67.a 

ChCL 

500 

a^j.7 

NnCI 

66-3 

LiCt 

552 

43.  s 

KF  ' 

54,2 

A3F. 

S65 

76.5  1 

KCI  1 

26.5 

CaCii 

306 

44.2  ' 

1 

55,8 

LitSO* 

601 

63 

KCI  ' 

37 

KF 

605 

35  1 

NflC]  1 

65 

Na,COi 

eso 

43.6 

NaC3 

53.4 

Na*F,Oi 

020 

32-S 

NuCl 

67.2 

NajSO* 

623 

2G 

KCl 

74 

C«Cli 

640 

65  i 

c^a,  ' 

15  i 

CaF,  i 

644 

M. 

% 

Salt  [ 

Wt 

% 

SaitU 

Mtp*p 

*C 

32.S 

KCl 

67.2 

BnCl, 

645 

51 

LiBOt 

49 

NaBOi 

646 

77.8 

Nad 

22.2 

BaCI, 

654 

45 

NoCI 

55 

KG 

660 

35.8 

LtF 

64,2 

MfiF, 

609 

72 

NftCl 

28 

NflF 

675 

5l 

KCi 

49 

K*50, 

690 

50 

N&tCO, 

50 

tuco* 

690 

32.4 

NaF 

67.0 

KF 

700 

35-4 

LIF 

64 .0 

A\Ft 

TIO 

63.7 

LiF 

30.3 

AIF, 

715 

S2.S 

NaF 

47,2 

Cap* 

810 

61 

NaF 

36 

MgFt 

015 

2L5  1 

iVflF 

7&S 

M|;F, 

9S5 

90-4 

KF 

9.6 

AIF* 

835 

87,6  1 

BaF, 

12.2 

M«F, 

690 

78.8 

BaF, 

2J.2 

MgF, 

900 

metals  are  present;  in  other  cases,  nitrogen  is  used,  except  when 
nitride-forming  Li,  Be*  Mg,  Ca,  Sr  and  Ba,  or  tbe  rare  eartli 
metals,  Ti,  Zr»  Hf,  Th,  V,  Nh  and  Ta  are  present.  If  no  carbides 
can  form,  CO  may  he  used  to  advantage;  however,  COgandSO^ 
may  occasionally  ojddize  the  metals  at  high  temperatures.  Noble 
gases,  especially  argon,  which  is  commercialiy  available  In 
cylinders  at  150-200  atmospheres  pressure*  are  the  beet  but 
also  the  most  expensive  protective  agents^  For  real  protection 
the  gas  should  be  very  pure:  o^^^gen  Is  undcBlrable  even  tn  traces* 
Gas  purification  methods  are  given  in  various  sections  of  this 
handbook  (H3:  p.  111  ft;  p,  457  ff.;  noble  gases:  p.  B2  f&). 
Occasionally*  Hsi  N3  and  Ar  are  available  in  high  purity  (99*99%) 
from  commercial  sources,  sometimes  on  special  order* 

High,  narrow  crucibles  are  preferred*  Useful  crucible  ipaite— 
rials  are  a)  metals,  b)  ceramics  and  c)  glasses  (for  ampoules)^ 

METALS:  ‘ 

For  obvious  reasonst  only  high-melting  metals  which  <ld  not 
tend  to  form  alloys  are  suitable  for  crucibles*  Iron  and  vaTlous 
^pea  of  $tee),  as  well  asmotybdonum  and  ianfolcm,  are  fr^u^tljf 
Molybdenum  Is  very  serrioeaWe  but  also  mueh 
pensive  and  less  easily  worked  than  Fe*  These  metalS  ^a^ 
preferentially  use6  for  smelting  alloys  ilfe 
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MMl  tor  the  extremely  reactive  alkali  and  alkaline  earth 

untile  (see  Table  4), 


Table  3 


Melting 


Points  of  Some  Ternary  Salt  Mixtures 
with  Uniform  Meltli^  Points 


Wt. 

% 

Salt  [ 

wt, 

% 

SalK  IL 

% 

Salt  111 

Mp.. 

NaCl 

24S 

KCI 

S9-0 

BaCtr 

5^0 

BaCU 

14,0 

KCl 

9-fl 

NiiCO, 

542 

24 

N*C1 

37 

KCl 

39 

NflaCOi 

5S0 

5 

NaCl 

9 

KCl 

SO 

Nb.B.O: 

340 

53.3 

13-2 

CaF^ 

33.2 

NaF 

705 

10. 1 

AIF, 

34.4 

CaF,  1 

5S.5 

NaF 

750 

IS.9 

AlF, 

2C-7 

CiFa  i 

57.4 

NaF 

S25 

20.5  , 

1 AIF. 

51-7 

CaF^ 

1 27  A 

1 N itF 

1095 

Table  4 


Metallurgical  Classification  of  Elements 


H 

He 

\c 

U 

B 

C 

N 

O 

F 

Hi. 

A1 

£i 

P 

s 

Cl 

Af 

K 

Ca 

S€ 

Ti 

V 

Cr 

Mnj  Fe 

C* 

NE 

Cu 

Zn 

Ga 

Ce 

AS 

Se 

Bi; 

Kr 

Ab 

Sr 

.L 

Zf 

Mb 

Tc  j Bu 

Rh 

Pd 

Cd 

in 

Sfi 

Sb 

T* 

T 

X 

O 

Bt 

1 

KE, 

Hf 

Ta 

W 

RtjOs  j Jr 

Pt 

Au 

Hg 

T3 

Pb 

fii 

Po 

i 

. At  . 

Em 

(RnJ 

Fr 
1 

lU 

Ac 

Th 

Pa 

U 

B ^leiinenc3 

«od  3l- 
taSK 

fVaAamoo  mcfal  c 

**ji*f2^^*^  ^ ^ are  normally  chemically  inert 

MM  tmm  are  wed  as  vessel  materials  under  corrosive  coodltfonSt 
MMot  M wed  In  cruclbleB  because  of  their  Intrinsic  and  pn>- 
MMMd  te&dwtiy  to  foim  alloys* 

, ^ alloys  of  the  so-called  transition  metals 

Wgmaatf  Mmofrn  raqulree  ceramic  crucibles  (see  also  below). 


5.  ALU3VS  AND  INTERMETALLIC  COMPOUNOA  ^ 

A gas-tight  seat  for  an  Iron  crucible  can  be  obtained  tn  ^ 

her  of  ways.  An  Iron  lid  may,  for  InetancOi  be  put  on  and  eeflSetf ■ 
in  place  by  meane  of  flanges?  the  lid  may  also  be  in  tbe  form  of  ^ 
threaded  cap  or  plug»  i^hlch  yield  a firmly  closed  cticular  eeal^"^ 

'IVo  types  of  screw  caps  are  shown  In  Fig,  273,  p,  990*  IXibulw. 
crucibles  with  fitting  lids  (or  plugs)  can  frequently  be  welded 
shut  for  a gas-tight  seal,  in  tMs  case,  the  plug  closely  ilte  tbe 
1*D*  of  the  crucible  and  has  the  shape  of  a tube  with  one  end 
closed*  Examples  of  this  are  given  to  Fig,  347*  Even  though  the 
crucible  may  contain  a protective  gas  blanket,  the  gas-filled 
space  above  the  material  to  be  alloyed  should  be  kepi  at  a mini** 
mum*  With  this  In  mind,  the  inner  cylinder  serving  as  a plug  in 
the  crucible  of  Fig,  3S2b  should  be  hammered  down  (after  charging) 
as  far  as  possible,  sawed  off  near  the  rim  of  the  outer  crucible 
and  then  welded  to  the  outer  rim.  A plug  shaped  as  a hollow  cylinder 
Is  easier  to  weld  at  the  rim  than  a solid  plug*  The  hollow  plug 
should  be  slightly  tapered  (Into  a cone)  near  its  upper  rtm*  Alter- 
nately, Its  rim  should  be  turned  down  slightly  after  it  Is  driven  In 
(it  thus  forms  a flange  surface)*  In  either  case,  the  aim  is  to  close 
off  the  seam  and  prevent  welding  gases  from  penetrating  into 
the  crucible*  If  generation  of  a large  amount  of  heat  is  expected 
on  welding  and  if  it  is  undesirable  to  trigger  the  reaction  until 
the  crucible  is  tightly  sealed,  its  lower  section  may  be  cooled 
In  water  during  welding*  This  would  have  to  be  done,  for  instaxK>e4 
in  welding  crucibles  containing  the  very  volatile  alkali  and  alkali^ 
earth  metals  when  they  are  to  be  alloyed  with  metals* 


m 

1 

1 

Fig,  347*  Tubular  steel  crucible. 
When  small  quantities  of  alley 
are  needed  (for  instance,  taOTys- 
tal  structure  studies)  the  following 
dimensions  have  proved 
0,D*  20-35  mm.*  waa  tblekness-^ 

1-2 
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PMor  to  olosura  of  the  crucible,  the  protective  gas  may  be 
tauwitaoed  througli  a narrow  tube.  A better  la  to  put  the 

charged  crucible,  with  the  lid  loosely 
, placo.  Into  a large-diameter  glasa 

I which  is  closed  at  one  end  and 

- J , fitted  with  a ground  glass  Joint  and 

RC  p stopcock  {Fig.  348).  The  tube  is  then 

1 V alternately  evacuated  and  filled  with 

/ \ the  protective  gas.  This  arrangement 

( I displaces  the  air  very  efficiently, 

j i After  fusion  and  cooling,  the  iron 

j \ crucibles  are  opened  by  sawing  off  the 

I f top  and  bottom,  and  the  alloy  is  then 

J L punched  out  of  the  open  cylinder.  In 

another  method,  the  crucible  Is  placed 
on  a lathe,  clamped  at  the  stopper  end, 
1^1  and  its  wall  turned  down  to  0.3-0. 3 mm. 

LOl  This  thin  wall  can  then  be  stripped  off 

with  a pair  of  pliers  In  the  same  man- 

\ y ner  as  the  top  of  a can  of  sardines. 

Since  this  can  be  done  very  rapidly. 
Fig.  348.  A method  for  those  alloys  which  are  very  seasi- 

evicuatlng  a metal  cru-  air  can  be  isolated  without 

cible  aM  filling  it  with  a damage  and  can  be  rap  My 

protective  gas  blanket.  transferred  to  a storage  vessel  filled 

with  a protective  gas*  The  method  is 
also  useful  in  where  the  alloy 

ingot  adheres  firmly  to  the  cx\tclble  walls  because  of  local 


ingot  adheres  firmly  to 


midiiig. 

Alloys  which  are  extremely  sensitive  to  air,  especially  those 
with  high  concentratloais  of  alkali  and  alkaline  earth  metal S| 
require  special  methods  for  the  removal  of  the  ingot  from  the 
iron  crucible  [21.  In  the  device  of  Zlntl  and  Harder  {Fig.  349) 
fl  tutnilar  iron  crucible  can  be  opened  while  completely  surrounded 
by  a protective  gas. 

The  iroQ  tube  r is  connected  via  the  standard^ taper  joint  s to 
a source  of  pure  as  well  as  to  other  devices  for  further 
of  the  alloy.  The  tubular  crucible  j,  whose  wall  has 
been  inachliied  down  on  a lathe  (see  above)  so  that  it  is 
sam  thin,  Js  positioned  In  r by  means  of  the  screws  a In  such  a 
^ th^  Its  bottom  may  be  sawed  off  through  the  slit  c while 
iT  length  <rf  the  clrcuiuferential  slit  c is  equal  to 

1 rr  diameter  of  tub©  r).  After  the  crucible  bottom  Is 
u pished  to  the  right  by  means  of  a thick 

through  an  axial  hole  In  the  cover  plate  e) 
^ Oceana  of  screws  a.  The  top  of  the  crucible 
u,  lae  plug)  Js  now  sawed  off ^ the  cover  plat©  e is  taken  off  for 
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177* 

a,  moment  &nd  the  debris  removed.  The  aiimr  4-  . . . 

,,  iron  (casing)  which  Is  o^n 

ptill  adhering  to  the  tube  sjid  Ingot  are  tamjed 

can  now  be  pushed  out  of  the  casing  by  a e^eel^pas^J^^^ 

the  hole  in  e.  la  certain  cases  the  casing  tube  (laoSl^^ 

inside)  T^y  be  used  directly  In  further  workup,  e.g.ZSdiacSm 
The  protective  ps  should  escape  through  only  one  hols  at  a tlm^ 
the  silt  c for  the  saw  can  be  closed  off  hy  collar  d,  the  hole  In  e 
by  means  of  a rubber  stopper.  This  apparatus  was  originally 
used  for  the  preparation  of  Na-Pb  and  Na~Sn  alloys. 


S 


Fig.  349.  Opening  of  a tubular  iron  crudbls  in  the 
absence  of  air.  r iron  tube  with  standard-taper  joint 
t crucible;  a screws  to  fasten  the  crucible  in  place 
(nine  such  screws  are  arranged,  In  groups  of  three, 
along  the  circumference  of  r,  the  angles  between  the 
screw  axes  being  120°,  as  indicated  In  the  Insert); 
c slit  for  the  Introduction  of  a hacksaw;  d collar  for 
closing  the  slit  when  not  In  use;  « cover  plate  for  the 

tube  r. 

In  the  arrangement  of  Klenun  and  iMnkelacker,  described  in 
greater  detail  in  Fig.  353  and  on  p.  1788  f.,  complete  removal  of 
the  ingot  from  the  tube  Is  unnecessaiy;  only  quantities  needed 
for  Immediate  use  need  to  be  drilled  out. 


B)  CEftAWiC  MATERIALS 

Crucibles  made  of  various  kinds  of  ceramic  materials  can  be 
used.  The  reader  la  referred  to  the  text  and  tables  in  Sart  I, 
P-  12  ff.,  especially  Table  7.  Recently,  crucibles  ofCeandTh 
sulfides  have  proved  advantageous  for  the  fusion 
aaetals,  the  exception  being  Pt,  They  can  be  used  up  to  1800  C !8J, 
Crucible  shapes  frequently  used  In  the  study  of  are 

the  conical  (the  so-called  high  shape)  and  the  long,  cylindricM 
(Tammann  tubular  crucible),  both  with  a 
quently,  a flat  bottom.  Ceramic  erticiblea  may 
the  same  matertal,  but  these  can  usually  not 
seal  by  themselves  {some  sealing  compoimd  murt  P ; 

Ooty  alumina  (Al^Oa)  can  be  fused  ^ 
small  tubular  crucibles  (about  15 
a well-fitting  plug  may  be  fused  to  the  crucible  wall  with  an 
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— i-¥”"  name  (welding  torch)  [4).  Ttus^  a edible  of 
iMuS»ted  In  Fig.  350  Is  charged  to  a quarter  of  Ita 
height  with  the  metal,  closed  off  with  the 
loosely  fitting  idug,  and  evacuated  and 
filled  with  a suitable  Inert  gas  In  the  ap- 
paratus of  Fig.  347.  The  crucible  Ifi  then 
surrounded  by  moist  sand  to  one  half  of 
its  height,  and  the  top  section,  Including  the 
plug.  Is  carefully  heated,  using  first  a city 
gas-air  mixture,  then  the  acetylene-oxygen 
flame.  The  flange  of  the  plug  eventually 
fuses  to  the  rim  of  the  crucible  (tn.p,  of 
AI3O3  = 2050'C).  The  entire  closed  crucible 
Is  then  cooled  carefully  and  uniformly. 
Some  e:^rience  Is  necessary  to  avoid 
cracking  during  the  fusion  and,  especially, 
during  the  cooling. 

Tubular  crucibles  made  of  fvthagorae 
mass‘d  may  be  closed  off  in  the  same  way 
as  an  ampoule,  that  Is,  by  pulling  to  a small 
diameter  and  sealing  the  top  end  In  a 
hydrogen- DJQfgen  or  ace^lene-o^Qrgen  flam© 
(see  ampoule  methods,  p.  1782). 

In  another  method,  the  crucible  is  lined  with  other  materials. 
This  method  allows  using,  in  the  preparation  of  alloys,  chemically 
resistant  materials  that  cannot  be  shaped  like  a ceramic  when 
imsiqiported. 


Fig*  350.  Tubular 
alujnic^  Crucible. 
O.D.aboutlS  mm., 
length  65  mm* 


Thus^  CaO  linings  are  suitalbe  for  work  wlthCa  alloys  and,  in 
geikeral,  with  calcium  metal,  which  is  extremely  corrosive  when 
hot-  The  Jauder  method  of  lining  iron  crucibles  with  CaO  (already 
meattoned  in  Part  I,  p.  13)  consists  of  the  following. 

The  crucibles  are  12  cm.  high  and  2.5  cm*  LD*,  with  a wall 
1 mm.  thick*  A thick  paste  of  freshly  prepared  quicklime  (from 
piecfpitated  CaCOg)  and  water  is  partly  poured  in  and  partly 
painted  on  the  Inside  of  the  crucible  so  that  there  Is  a layer  1-2 
thick  at  the  bottom  andawaUlining  0.3-0*4  cm*  thick-  Rotating 
the  crucible  and  careful  pressing  with  a spatula  produce  a good 
and  even  coat.  The  crucible  Is  then  very  slowly  dried  at  room 
temperature  Qt  at  3£K40*^C;  any  cracks  that  appear  are  filled  by 
prcsnli^  with  a spatula  (this  can  be  done  as  long  as  the  cake  Is 


nyihagoras  mass  ie  a low-melting  porcelain  used  for  labora-^ 

casings,  useful  for  temperatures 
t*leltlng  point  Is  about  1730 "C  (Houben- 

SS  'iH^*'***t.  « {General  Laboratory  Pra^- 

neti,  401  ed,,  part  2,  Georg ThiemeVerlag. Stuttgart,  1359,  p.  634). 
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Still  moist).  Crac]^  that  appear  after  thle  cwmot  be  xenwdled; 
veiy  fine  cracks  do  no  harm,  as  experiments  with  cracked  CsO 
linings  have  shov^.  Mter  the  initial  drying  the  temperature  le 
increased  to  dark  red  heat,  which  transforms  the  CalOHlate 
CaO.  Dry  CaO  does  not  adhere  well  to  Iron.  Since  its  coefflctent 
of  expansion  differs  from  that  of  iron,  the  crucible  must  be  heated 
very  carefully  and  treated  very  gingerly  even  after  the  lining 
process.  The  crucible  Is  charged  vrith  the  reactants,  and  an  iron 
lid,  also  coated  with  CaO,  is  welded  on. 

Coatings  of  LIP  are  suitable  for  work  with  Uthlum  olloys 
metallic  lithium  at  temperatures  below  800'C,  These  coatlhgfl 
adhere  relatively  well  to  zlrconia  (ZrO^}  crucibles  {61.  Thus, 
several  grams  of  LIP  (m.p.  870  *C)  are  placed  in  a ZrOg  crucible 
which  is  positioned  in  a email,  movable  electric  furnace.  The 
crucible  Is  firmly  seated  lo  the  furnace  by  means  of  asbestos 
wool.  A clear  melt  is  produced  on  heating;  the  current  Is  than 
shut  off  and  the  melted  LlF  evenly  distributed  over  the  crucible 
walls  by  tilting  the  furnace.  This  Is  continued  until  the  crucible 
cools  sufficiently  for  the  material  to  set.  Afterward,  the  furnace 
is  allowed  to  cool  slowly  at  a low  current  {from  700"C  to  300*C 
in  one  hour).  The  lithium  fluoride  lining  thus  formed  has  a 
thickness  of  1-2  mm.  If  the  cooling  is  too  rapid,  tt  will  have 
large  cracks;  small  cracks  are  nearly  unavoidable,  but  are  not 
deleterious  because  of  the  high  surface  tension  of  most  metals. 

Other  lining  materials,  such  as  Nucerlte,  which  can  be  directly 
bonded  to  metals,  under  certain  conditions  withstands  tempera- 
tures up  to  650  "C,  and  Is  resistant  to  many  gases,  are  also  on  the 
market.  In  addition,  such  materials  as  l^roceram  will  be  quite 
useful  in  the  higb-temperature  laboratory. 

Of  late,  many  new  ceramic  materials  have  been  developed  for 
use  in  the  various  mUitaiy  and  space  programs.  It  is  hot  possible 
to  list  them  In  this  short  section.  Besides,  this  field  is  under- 
going very  rapid  changes  and  new  materials  appear  almost 
monthly.  The  reader  is  therefore  advised  to  spend  some  time 
consulting  the  pertinent  trade  literature  before  proceeding  with 
the  experiment.  He  may  find  such  Investment  of  time  veiy  worth- 
while j tecaus6  It  nufty  rssiilt  hi  & simplBr#  bGttet,  inor6  coJiv^nien 
and  cheaper  experimental  arrangement i 

Ceramic  crucibles  may  also  be  placed  In  glass,  quarts  or 
ceramic  combustion  tubes  (one  end  open)  so  that  thematert^ 
may  be  iti  a vacuum  or  an  inert  gas  atmosphere  during  the  heatmgi; 
Such  an  arrangement  is  shown  In  Fig.  272,  p.  984. 

Ceramic  crucibles  are  frequently  enclosed 
iron  crucibles,  which  are  then 

ceramics,  especially  the  oxides  of  Be,  Mg,  Al,  Zr  and  T ► wl  ft 
the  ease  of  sealing  of  iron  crucibles. 
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ttiMtUv  ill  the  CTOCible  types  mentloaed  above  may  be  sealed 
ii»o  SIS  ampoules:  this  permits  maintaining  a vacuum  or  a 
dwtMd  ^s  atmosphere  during  the  fusion. 
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Ml  types  ofglass,  especially  the  high-melting  glasses  (see  Part  I. 

fcs'if.)  ^ quartz,  as  well  as  tubes  of  Pythagoras  mass,  can 
formed  Into  ampoules  (bomb  tubes)  and  used  for  alloying  of  metals 
by  fusion.  The  glass  type  used  depends  on  the  maximum  working 
tomperafoi^.  fyrex  can  be  used  up  to  560"C,  Vyeor  up  to  800  ”C 
under  normal  conditions  and  1100 'C  for  a short  time,  fused 
silica  up  to  llSO'C,  and  Pythagoras  mass  up  to  1400®C  without 
da^er  of  deforming.  The  metal  reactants  are  changed  Into  a 
lotg  combustion  tube  of  the  appropriate  ampoule  material.  The 
tube  will  normally  have  an  I.D.  of  10-20  mm.,  a wall  thickness  of 
1.5-2  mm.,  and  a round  bottom  of  uniform  thickness.  The  tube 
must  be  thoroughly  cleaned  and  dried.  It  is  then  constricted  just 
above  the  charge,  but  not  so  close  to  the  latter  that  a reaction 
will  be  set  off  by  the  heat  applied  during  sealing.  The  wall  must 
be  fairly  thick  at  the  constriction.  The  tube  is  evacuated  and 
sealed  at  the  constriction,  thus  forming  an  ampoule  containing 
the  metals  under  vacuum.  The  constricting  and  sealing  are  done 
with  suitable  torches  (city  gas-air.  Hg-Og,  etc.),  depending  on 
the  softening  temperature  of  the  ampoule  material. 

The  ampoule  can  also  he  filled  with  a protective  gas.  However, 
the  thermal  expansion  of  the  gas  must  be  taken  into  account  In 
this  case.  For  this  reason,  the  ampoule  is  filled  with  the  requisite 
gas  at  less  than  atmospheric  pressure  at  room  temperature. 

After  fusion  and  resolidlficatlon,  the  ampoule  Is  broken  up 
and  the  metal  ingot  Isolated.  The  composition  of  the  alloy  may 
then  be  calculated  (approximately)  from  the  weights  of  the  re- 
actants and  the  product.  However,  only  careful  chemical  analysis 
«m  give  the  true  composition. 


Heating  ond  Cooling 

The  required  reaction  or  fusion  temperature  is  determined 
urai  the  pihase  diagram.  As  a minitaum,  this  temperature  must  be 
h^ier  thto  the  UqaJdus  point  of  the  alloy  product.  Preferably, 
■••ever,  it  should  exceed  the  melting  points  of  all  the  reacting 
“2“*  ^ temperature  is  one  which  exceeds  the  llquldus 

entire  rai^  of  compositions  of  the 
a temperature  will  certainly  ensure  proper  reaction 

t ^ ftirnacBs  of  various  types  (see  Part 

1#  V9*  33-42)*  In  genetal,  the  materials  may  be  heated  up  aa 
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rapidly  as  desired.  The  temperature  Increase  due  to  tlie  hefti  of 
reaction  may  be  neglected.  The  heating  time  should  be  hs  short 
as  possible  to  avoid  reactions  betveen  the  metal  aitd  w^s  of  the 
reactor,  and  should  in  no  case  be  longer  than  the  time  absolutely 
necessary  to  achieve  a uniform  composition.  For  this  reason, 
the  furnace  should  be  preheated  to  approximately  the  desired 
temperature  prior  to  the  introduction  of  the  vessel  with  the 
reactants.  This  vessel  must,  of  course,  be  heated  slowly  enou^ 
to  avoid  stresses  which  would  produce  breakage.  ThlB  apfdtea 
particularly  to  glass  ampoules  and  ceramlCB  of  low  tbarmiii 
conductivity.  In  any  case,  well-designed  protective  glosses  or 
goggles  must  be  worn  during  these  operations. 

When  the  desired  melting  temperature  is  reached’,  the  homog- 
enization of  the  mixture  is  promoted  by  mechanical  nxeans.  Open  _ 
crucibles  are  stirred  with  a rod  of  suitable  material;  tightly 
closed  vessels  {crucibles  with  a screwed-on  or  welded^on  lid,  ' 
ampoules]  are  taken  out  of  the  furnace  and  shaken  or  tumbled 
a few  times;  in  the  case  of  crucibles  which  a open  but  sur- 
rounded by  a second  protective  vessel  and  which  thus  cannot  be 
shaken  or  tumbled,  at  least  some  motion  of  the  melt  can  be  in- 
duced by  external  tapping  or  vibrating.  All  such  agitation  pro- 
cedures must  be  followed  by  a short  reheating  to  the  maximum 
desired  temperature. 

Cooling  also  depends  on  the  phase  diagram  as  well  as  the 
intended  use  of  the  alloy.  If  there  is  no  danger  of  separation  of 
mixed  crystals  (with  subsequent  alteration  of  the  composition  of 
the  alloy)  and  no  perlteotic  reactions  are  expected,  or  If  the 
composition  achieved  at  the  high  temperature  is  the  one  desired 
In  the  solid,  the  material  Is  quickly  cooled  In  air.  Materials 
in  metal  or  quartz  vessels  may  also  be  quenched  in  water  or 
oil. 

On  the  other  hand,  when  a reaction  must  be  completed  at  ^ 
lower  temperature  or  It  Is  desired  to  produce  single  ciyetalB 
for  studies  on  structure,  then  a slow,  controEed  reduction  the 
temperature  is  required.  The  type  of  cooling  procedure  thus 


depends  on  the  application,  ' 

The  formation  of  large  single  crystols  f rom  ao  meU]^_be 
favored  by  quiet,  vibrationless  cooling.  Sometoes 
motion  of  the  melt  during  crystaUization  Is  desirable.  The 
and  cooling  methods  used  for  single  crystals  of  ]^e 
also  applicable  to  single  crystals 

that  exhibit  congruent  melting  (see  Part  I,  p.  9 -»  t «• 


HEFEBEMCES:  . 

General;  Personal  communications  from  ^ Schubert,  Stutt^ac^ 
P,  Ehrlich,  Giessen,  and  H.  Nowotny,  Vienna.  - 


G,  eRAUER 


1.  W,  M«t«111»chnlsch6s  Taschenbuch  [Short  Handbook 

of  Metal  TeehnologyJ,  Lelpa^,  1939. 

4.  B.  ZlaU  and  A.  Harder,  Z.  phya.  Chem.  (B  34.  238  (1936), 

5,  E,  Dl  Eastman.  L.  Brevfer,  L.  A.  ^ 

N.  U Lo&ren.  J.  Amer.  Ceram.  Soc.  128  (1950}. 

4.  E,  Zintl  and  A.  Harder.  Z.  Elektrochem.  41,767  (1935). 

E.  W.  Jander.  2.  anorg.  allg.  Chem.  321  <1924). 

& So  Zlfttl  imd  G,  Woltersdorf*  2,  Elelttrocheirii  41,  S76  (lyo&J, 
E.  ZUitiandGa  Brauer,  Ibid.  41,  102  (1935). 

T*  Ow  Buckley*  Crystal  Growth,  New  York-London,  1951;  W.  D, 
XAWSOn  and  S,  Nielsen*  Preparation  of  Single  Crystals,  London, 
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Alloy  Synthesis  under  Pressure 

S^»clal  methods  are  required  when  one  of  the  constituent  metals 
erf  the  alloy  has  a very  low  boiling  point  (Zn.  Cd,  Hg;  see  also 
1789)  while  the  other  constituent  has  a high  melting  point 
(platinmn  metals  and  other  transition  metals;  see  Table  4,  p,.  1776)* 
In  this  case,  if  the  pressure  is  atmospheric  pressure,  one  metal 
tends  to  vaporize  before  the  other  liquefies,  Nowotny  et  al*  have 
desigsed  a special  furnace  which  allows  heating  such  metal  com-' 
binatloas  in  a protective  gas  at  high  pressures.  The  apparatus  is 
essentially  a closed  iron  bomb  containing  a resistance" heated 
tube  which  encloses  the  crucible  (Fig.  351)*  The  furnace  mantle 
m is  a thick- wall  seamless  steel  tube  whose  lower  section  is 
threaded  for  50  mm,  and  carries  a screw  cap  i/.  This  cap  in  turn 
carries  a threaded  adapter  which  is  connected  to  the  compressed 
gae  cylinder,  the  pressure  gage  and  one  of  the  two  electrical 
terminals*  All  screw  connections  are  also  sealed  with  lead  gaskets 
otter  end  of  mantle  tft  le  cloBed  off  by  cover  plate  (a 
35*'inim -thick  circular  steel  plate)  held  in  place  by  flange  f and 
CQQueeted  to  the  second  electrical  terminal.  The  gasket  ring  r Is 
of  iDsulatioo-^grade  asbestos,  and  the  six  flange  screws  are 
« bigh^Etrengtb  nickel- chromium  steel  (the  screws  must  also  be 
nsnlated  from  the  flange  by  sleeves  and  washers  of  electrically 
jj  aabeetos  or  similar  material).  The  inner  walls  of  plate 

i;  t threaded  so  as  to  support  the  brass  collars 

The  latter  make  the  electrical  connection  between  the 
FwPMWnap  and  the  carbon  resistance  element  which  they  support* 
food  electrical  contact  between  the  brass  collars  and 
- ■ /^*?y**  aleeve  conductors  and  the  LD,  of  the  collars  is 
* dualler  than  the  0*D*  of  the  corresponding  section 
Ik  eumn  sleeve*  The  collar  Isthenbeated  and  slipped  over  the 
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Fig*  351*  Tubular  fuimce  for  hlgb tempera-  v 

ture  pressure  synthesis,  k carbon  tubei  ^ : -t 
5i.  fa  special  carbon  sleeve  conductors; 


hit  brass  collars;  m outer  steel  tube  ‘ .i'-tJ- 
(mantle);  / flange;  d cover  plate;  u screwed- 
on  cap:  h lead  gaskets;  r,  i asbeatOB  gas- 

keting  rings  aiid  sleeps*  DimenslonflJmmii*  *■  * . ' 

■ 


The  narrow^  high  tubular  cruclhle  containijQg  the 
centered  in  it.  The  furnace  is  connected  to  a low-voltage  teansfbruier 
capable  of  delivering  600-900  amp*  at  12  volts*  The  apparatus  Ih 
nUed  with  a protective  gas  (N^or  Ar)  to  60-70  atm*;  the  presau^ 
tiwreaBea  rapidly  to  about  160-200  atm.  duriJtg  heat-up  but  ties 
^creases  again  during  the  actual  fusion  (It  dreje^e  to  aboat 
fttefl*  In  10  mill*)*  The  temperature  cannot  be  measured 


im 
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estlmited  from  the  current  consumption, nasumjng 
,(*Mw£?^st«towidiUoa9  (prellmlMiy  experiments  are  hfilj'il), 
DnrtiC  fh»  ran,  the  ftimnce  Is  Immersed  In  running  water  up  to  the 
ftT^while  the  lid  Is  cooled  by  spraying  water  from 

deetroirnphttlEed  caibon  Is  a useful  crucible  material  for 
uopnmUw  of  aUoys  of  ZnandCdwithPt  or  Pd.  Alum ma  troubles 
not  last.  The  volatile-metal  loss  may  approach  25%.  The 
cnitton  tube  and  sleeves  may  last  for  40- ?0  fusions  (10  minutes 
wchj.  Obviously*  this  furnace  Is  not  suitable  for  metals  which 
raiKlUy  form  stable  carbides. 


a£FER£NC£: 

H*  Nbwotny,  E*  Bauer  and  A.  Stempfl^  “Alfons-Leon-Gedenk- 
schrift**  der  Allg-  Bau-Zeitujig,  Vienna,  1951,  p*  63. 


Melting  Without  o Contomer 

Under  certain  conditions  it  is  possible  to  melt  small  quantities 
of  metals,  alleys  and  related  compounds  in  such  a way  that  they 
do  not  toalce  or  barely  make  contact  with  the  wall  of  the  container. 
Such  a procedure  becomes  very  desirable  when  one  deals  with 
corrosive  elements  or  when  prodticts  of  very  high  purity  are  re- 
quired^ However,  '^containerleae'^  fusion  is  possible  only  in 
special  cases.  For  example^  the  sample  may  be  heated  to  meltInE 
by  means  of  an  electric  arc  or  a directional  electron  beam;  in 
this  case  the  sample  rests  in  a shallow  depression  In  a cooled 
copper  plate.  The  molten  sample  contracts  duo  to  surface  tension 
to  form  an  oblate  spheroid  whose  area  of  contact  with  the  copper 
0^kf»rt  is  so  small  tliat  no  contamination  occurs  during  the  short 
tosItHi  process.  The  resoildified  sample  is  turned  over  and  re- 
meUed  on  the  other  side.  This  procedure  is  called  button  melting* 
For  beat  sources*  see  Part  I,  p.  42, 

Another  melting  method  is  the  so-called  levitation  tneltipg  in 
^ sample  is  freely  suspended  in  vacuum  or  in  an  inert 
atnmpbere  by  a field  developed  by  means  of  induction  coils,  which 
supply  the  heat,  iWs  promising  method  Is,  however,  still  in 
2,^**^*^“*^  stage,  [E^  C,  Ocresfl,  D,  M*  Wroughton,  G.  Com- 

T iri  J,  C,  a Kelly,  J,  Appl,  P^ys.  23,  545 

(M52);  J,  Electjtocfaem.  Soc,  gg*  205  (1952)J. 


Comminution  in  the  Absence  of  Air 

^ studying  alloys  that  are 

Jvmr  snmive  to  air,  hygroscopic  or  readily  oxtdliced*  This 


5.  ALU>VS  and  INTERMETALUe  COMI>OUN»  |7J7 

is  ea^ctally  t^e  o^ratlons  In  which  one  1b  tiylng  to  obtalii 
comminuted  material,  ebavlngs.  etc.,  for  density 
or  x-ray  po^er  diagrame,  where  such  material  must 

products,  DevlceB  for  piodooSs 
such  comminuted  alloys  have  been  deveiciped  by  Zlntl  et  al  11)  ^ 
Klemm  and  Dinkolacker  <1I),  y mw  ct  ai.  w and 
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Fig.  352,  Comminution  of  sensitive  alloys  In  the  ab- 
sence of  air.  ki,  kg  working  chambers  for  hn-ndUnf  the 
alloy;  h^,  hlgh-vacuum  stopcocks ; m capUlaiy  for 
x-ray  sample;  u glass  tube  for  annealing  the  alloy 
powder;  o electric  furnace;  a adapter  with  the  analyefs 
and  sample  storage  bulb;  f rotary  milling  tool. 

I.  The  apparatus  in  Fig.  352  consists  of  several  glass  parts 
connected  ^ ground  joints  $i-  The  assembly  is  connected  via 
Schiff  stopcocks  ft\  and  (see  Part  1,  p,  59  f.)  to  a hlgh-vaomnu 
pump  and  a supply  of  pure,  anhydrous  inert  gas. 

The  major  constituent  parts  of  the  apparatus  are  two  slightly 
oblate  chamberB  and  kg  made  of  medium-wall  glasa  tubing. 
The  underside  of  each  chamber  carries  three  to  four  corrugations 
impressed  with  a carbon  rod  on  the  hot,  soft  tube.  These  coxnagar 
tlons  prevent  the  alloy  from  slipping  out  of  the  chamber  during 
workup.  Depending  on  need,  devices  for  annealing  the  oommlnuteil 
material,  for  charging  the  glass  capillaries  which  are  used  fo 
hold  the  sample  while  examining  Its  x»ray  powder  pattern,  or  for 
removal  of  analytical  samples  (analysis  bulbs)  may  be  added.  ; 

Before  use,  the  entire  apparatus  Is  thoroughly  ©vacu^ed  over 
a period  of  several  hours.  At  the  same  time,  it  is  carefully  heat^ 
(to  promote  removal  of  moisture)  and  then  connectod  vU  stopcoc^ 
fci  to  the  protective  gas  supply.  The  blanketing  gas  is  aUow^  to 
escape  at  As.  A small  piece  of  the  solid  alloy  ts  then  bitro^^ 
Into  chamber  via  the  ground  Joint  s*.  A fast  stream' 
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ltK»ahr  fltttne  rubber  cap  Is  put  over  Joint  *4.  ™s 
SflsTScSe  wh5u  preveSting  air  penetration  Into  t,.  The 
2l£f  rf  thfluOT  to  h is  cleaned  hy  means  of  a small  rotary 
SJSS  til  f (6  il  O.D.).  set  on  a 12-cm.-long  rigid  shaft  and 
via  i*.  The  rigid  shaft  is  attached  to  the  chuck  of  a 
driven  by  a dental  driUing  machine.  The  alloy  piece 
all  sides  and  is  then  pushed  into  the  chamber  h W 
of  a thick  wire  or  a thin  glass  rod.  The  powdered  waste 
SJSal  removed  £«m  the  metal  surface  must  not  be  e^rained 
from  ki  into  h (it  can  be  dislodged  from  the  metal  surface  by 

the  material  is  safely  In  fta,  h Is  disconnected  at  sa-  The 
required  quantify  of  clean  shavings  Is  then  produced  from  the  alloy 
to  la  (a  new,  clean  milling  tool  should  be  used).  After  this , Is 
reconnected  to  I13,  Turning  and  tapping  the  assembly  transfers  the 
fresh  alloy  shavings  (or  powder)  to  tube  u (this  tube  must  be 
prebaked  and  degassed  In  high  vacuum).  The  alloy  powder  in  h 
may  then  be  annealed  in  the  heat  produced  by  furnace  0,  This 
treatment  removes  stresses  and  is  frequently  necessary  in  order 
to  obtain  good  powder  patterns  with  sharp  interference  peaks.  If 
very  sensitive  alloys  are  handled,  the  temperature  maintained  during 
degassing  of  tube  u must  be  higher  than  during  the  succeeding 
qfiTwmtln^  Of  the  sample*  After  the  annealing,  the  required  quantity 
of  powder  i&  transferred  to  the  oapillaiy  tubes  which  are  then 
melt-sealed  prior  to  Introduction  Into  the  x-ray  powder  pattern 
analyzer  (the  wide  end  of  tube  m is  cemented  to  the  adaptor  at 
and  a small  side  opening  server  to  equilibrate  ita  pressure  with 
tliat  in  the  protective  tube  p). 

If  desired^  tube  u may  be  replaced  by  a bulb  for  sealing  off  ana- 
lytical samples.  The  net  weight  ofthe  empty  bulb  and  its  adapter  (to 
*-)  is  first  established*  The  bulb  Is  than  filled  with  alloy  powder 
and  sealed  off.  It  is  then  reweighed,  and  the  total  weight  of  the 
Mlde-free  metal  powder  can  thus  be  accurately  determined. 


tL  The  arrangement  of  Klemm  and  Dinkelacker  also  utilizes  a 
rotary  mUling  tool  for  cleaning  of  the  surface  com- 
mlnition  of  the  alley  chunky  In  this  method,  however,  the  alloy  is 
not  removed  from  the  crucible  but  is  powdered  while  still  in  the 
CTwible*  The  apparatus  Is  shown  in  Pig,  353, 

The  thlck-wail  brass  shell  a houses  vessel  h,  which  can  be 
nutated  on  axis  The  top  of  the  crucible  contalniog  the  freshly 
Is  sawed  off*  and  the  crucible  is  introduced  via  the 
ad^frtsr  c,  which  slopes  upward*  The  crucible  Is  then 
in  b by  means  of  a small  screw  r.  Vessel  b can 
deatred  position  by  means  of  handle  d*  It  Is 
***  tnsM  m that  posUloTi  hy  turning  down  screw  s*  which  thus 
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ImmobiUzes  axis  t.  Housing  a can  be  evacuated  via  the  ground' 
metal  joint  ],  while  additional  vessels  for  further  treatmwit  of  th* 
alloy  (analysis,  powder  pattern,  density  determination,  etc.)  can  he 
attached  at  a similar  joint  e.  The  ap- 
paratus can  be  completely  sealed  and 
evacuated  if  handle  d is  taken  off  and  a 
standard  taper  cap  pushed  over  the 
ground  joint 

The  surface  of  the  alloy  in  the  cru- 
cible is  cleaned  by  means  of  a small, 
rapidly  rotating  steel  milling  tool  (5 
mm.  diameter),  driven  from  a dental 
drill  via  a flexible  shaft  and  introduced 
through  joint  c.  The  impurities  removed 
from  the  surface  of  the  alloy  are  dumped 
into  c by  turning  b on  axis  /,  A dis- 
posable rubber  wiper  blade  m cleans 
off  all  waste  powder  from  the  walla  of 
a and  pushes  it  into  e.  The  waste  is 
then  removed  from  c,  the  joint  is 
cleaned  hy  blowing  through  it  inert  gas, 
and  a new  cutting  tool  is  introduced 
through  c.  The  clean  alloy  shavings 
(see  the  previous  method)  thus  pro- 
duced are  removed  through  e. 


I. 


It. 


E.  Zintl,  A.  Harder  and  S,  Neumayr, 
Z.  pbys,  Ghem.  (A)  i§4,  &2  (1931). 
W.  Klemm  and  P.  Dlnkelacker.  Z. 
anorg.  Chem,  2§§,  2 (194?). 


Distiilotion  Method 


Fig.  3S3.  Comminution 
of  alloys  in  the  absence 
of  air  without  remov- 
ing the  alloy  from  tlte 
crucible,  a tease  bous- 
ing; b vessel  housi^ 
the  crucible  and  able  ite 
rotate;  t axis  on  wttteb 
b rotates!  d handle)  If. 
xuUber  wiper  Wade 
scraping  off  loose 
tides. 


If  one  component  of  a desired  binary 
alloy  is  more  volatile  than  the  other  and 
if  the  decomposition  vapor  pressure  of 
the  alloy  is  not  too  high,  the  alloy  can  be 
prepared  by  distilling  or  subliming  the 

volatile  component  onto  the  other,  to 

However,  apart  from  a few  exceptional  oases 
for  obvious  tecLtealreasons, restricted toalteysm^of^ 

volatile  metals  and  metalloids,  that  Is,  those  temneitt*- 

llOO'c  at  760  mm.  This  is  because  distUlation  at 

tsres  is  quite  difficult  in  practice.  (However,  much  tees  vplatttq. 


tm 
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Qlia  b»  distilled  In  small  amounts  in  high  vacuum.)  The 
Is  therefore  suitable  for; 


Ns.  btp.  880^C, 
K.  b.p.7«0'C, 

ia>.  b.ik.  700*c. 

Cs,  b.p,  670X. 


Mg.  b.p.  1107'C. 
Zn,  b,p.  907 'C, 
Cd.  b.p.  767-C, 
Hg,  b.p.  357 *C, 


p,  b.p.  2S0“C. 
As,  b.p,  615"C, 
Se,  b.p,  688*0, 


The  soeotal  advantages  of  the  distillation  method  are  as  follows: 

a)  The  volatile  component  is  repurified  by  the  distillation  Just 
prior  to  the  reaction  (this  is  Important  in  the  case  of  very  reactive 

b)  The  reaction  between  the  vapor  of  one  component  and  the 
powder  of  the  other  proceeds  quietly  and  smoothly  (because  of  the 
limits  amount  of  vapor  present  at  any  time), 

c)  Aiiy  excess  of  the  volatile  component  can  be  distilled  off 

after  the  reaction. 

Each  of  the  components  Is  place  din  a separate  boat  and  the  boats 
are  positioned  one  behind  the  other  in  a horizontal  tiibe*  The 
choice  of  boat  and  tube  materials  is  governed  by  the  same  con- 
siderations of  thermal  stability  and  chemical  resistance  as  were 
discussed  in  the  case  of  crucibles  (see  1775  ff.)*  The  tube 


must  be  gas-tight.  For  this  reason,  it  is  usually  closed  at  one  end 
and  carries  a ground  joint  on  the  other  (the  Utter  is  for  evacuation 
and  Oiling  with  inert  gas);  alternatively,  it  may  carry  hlgh-vacuum 
valves  or  stopcocks  on  both  eads  (see  Fig,  354),  To  protect  the 
glass,  quartz  or  ceramic  tube  a against  corrosion  by  the  volatile 
metal,  a liner  tube  (made  of  glass^  ceramic  material  or  metal 
such  as  Fe  or  Nt)  may  be  inserted.  Boat  contains  an  excess  of 
the  volatile  component,  while  boat  is  filled  with  the  finest  pos- 
sible powder  of  the  relatively  nonvolatile  reagenU  Boat  a-i  is  also 
surrounded  t^r  a test-tubelike  cylinder  c which  acts  as  a vapor 
deflector. 


At  the  start  of  the  run,  a high  vacuum  U created  in  tube  a.  Then 
llie  two  short,  tubular  electric  heaters  are  switched  on  and  reguUtfid 
in  such  a way  that  a temperature  sufficiently  high  to  maintain  a 
iBasonable  rate  of  distillation  exists  in  while  a slightly  lower 
temperature  exists  in  i The  temperature  In  should  be  suf- 
Ocfeally  high  to  induce  and  maintain  the  reaction  between  the 
wrtAl  powder  aJad  the  vapor  arriving  from  At  the  end  of  the 
the  excess  of  the  volatile  component  is  distilled  off  and 
^wdeased  In  the  cooler  section  of  the  tube.  Finally^  the  product 
te  cmoved  from  boat 

is  also  useful  for  purifying  a crude  product 
fiwt  two  components  by  the  crucible  or  ampoule  fusion 
^**^^y*^  ot  the  volatile  component  may  thus  be  re- 

ttfvM  bjr  vacwiu  dletfllation^  In  this  case  the  vapor  pressure  of 
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the  free  volatile  component  muat,  of  course,  be  much  lilalwT  thaii 
itG  preeaure  in  the  residual  intemetalllc  phase,  <rf 

application  of  this  method  are  preparations  of  snicides  and  wr*- 
manides  of  alkali  metals,  and  of  Na^As  and  KaSfc. 


Fig,  354.  Preparation  of  alloys  by  dfatUla- 
tion,  0 reactor  tube^  b liner  tubej  c vapor 
deflecting  cylinder;  Sj3  boats;  oi,  og 
tubular  electric  heaters. 

The  same  principle  can  also  be  applied  to  the  Faraday  sealed- 
tube  system  described  in  Part  1,  p*76f.  This  systena  is  completely 
closed  and  the  only  external  influence  consists  of  the  temperature 
gradient;  direct  handling  is  not  possible  in  this  case.  However,  if 
the  reactor  tube  material  is  resistant  to  corrosion  by  the  reagents 
mvoivedp  the  Faraday  system  produees  an  extremely  pure  reaction 
environment, 
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Residue  Methods 

Occasionally^  a pure  component  (oi)  phase  exhibit  properties 
markedly  different  from  those  of  the  Intermetallic  phase  which  is 
vicinal  to  it  on  the  constitutional  diagram-  Thus,  the  ot-phape 
dissolve  more  readily  in  a solvent  or  it  may  be  attacked  mOie 
readily  by  a reagent.  In  such  cases  it  may  be  po ssMe  to  ^ ^ 

excess  of  the  pure  component  during  the  Mgh-temperaturesynthte^ 
and  then  1 iber  ate  the  intermetallic  product  by  leaching  out  tbe  ma 

phase*  Oceasionally,  also,  slow  cooling  ^ 

yield  well-formed  crystals  of  the  intermetaili^ 

in  the  pure  component  matrix,  which  may  then  be  W 

some  solvent.  Depending  on  circumstances,  the 

may  be  removed  by  electrolytic  oxidation,  by  aque  s ^ 

bases,  or  by  liquid  NH^-  For  example: 

1*  Electrolytic  solution  processes  may  be  ^ 

metajlfc^si  fxcm  tbe  a.lrt»  1«  wM<*  “V  *“  !>”■**«*» 


im 
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* va.  mAv  be  Isolated  by  electrolytic  oxidation 

for  rich  steel  faee  p.  1503).  Other  carbides 

. .£.lUt  ».nn.r.  A pro«<ii»e  and  an 
Fo»M«sC  are  p P especially  elegant  apparatus  have  been 

developed  by  Klinger  and  Koch.  This 
procedure  hfls  been  employed  prions  rlly 
> for  the  study  of  steels  containing  non^* 

r xnelal  lie  admixtures,  but  should  be  us - 

i I ^ W able  for  a more  general  study  of  alloys, 

1 f ^ II  Aluminum  compounds  such  as  Al^Tl, 

AUZr-  AUTh,  AUV,  A^Nb,  Al^Ta, 

AUCe,  AULa,  AIB^^  etc,,  may  be 

: Isolated  from  the  Al-rich  (matrix) 

[ products  of  the  corresponding  altimlno- 

" ^ ^ thermic  reactions,  the  solvents  being 

dilute  acids  or  bases.  In  a similar  way, 
some  sllicides  such  as  ZrSisi  ThSig, 

I ^ VSa,  NbSls,  TaSij,  MoSi^,  WSig  and 

Ul  , USls  may  be  produced  in  molten  alu- 

W minum  ‘'solvent^'  and  then  isolated 

as  residues  from  treatment  of  the 
respective  aluminum  alloys  with  acids 
Fig*  355.  Extraction  of  or  bases  (see  p,  1794). 
alkali  metal  alloys  with 

liquid  ammonia.  111*  A special  case  is  the  isolation  of 

inte metallic  compounds  of  alkali  or 
alkaline  earth  metals  (except  Be  and  Mg)  by  extraction  with  liquid 
ammonia.  The  alkali  or  alkaline  earth  metals  in  considerable 
excesB,  is  fused  with  the  alloying  component,  the  mixture  is  slowly 
cooled  to  obtain  large  crystals,  and  the  solidified  melt  is  then 


transferred  without  being  exposed  to  air  (the  apparatus  in  Fig*  349 
Is  quite  appropriate  here)  into  an  extraction  apparatus  such  as 
the  one  shown  In  Fig,  355-  This  device  was  developed  on  the  basis 
of  the  arrangement  of  Blitz  and  Bahlfs  (see  Part  I,  Fig*  71).  The 
alley  to  be  extracted  Is  introduced  through  a and  placed  on  top  of 
the  dense  glass-wool  filter  /,  The  stopcocks  /i^and  are  both 
comected  to  a single  vessel  so  that  one  can  establish  a high 
vacuum  in  the  system,  introduce  NHa  to  one  (or  both]  tubes, 
« estaUleh  a connection  between  tubes  h and  Some  is 
endensed  in  h,  where  It  contacts  the  alloy  on  /;  the  blue  solu- 
tion of  the  alkali  metal  Is  then  allowed  to  pass  via  the  intercon- 
MCtfie  d into  tube  c*  There  NHg  Is  evaporated,  leaving 

free  alkali  metal.  The  NH^  vapor  Is  recycled  to  h for 
WftWideMatioa,  Several  repetitions  of  this  operation  allow  ex- 
hnwifre  extraetloa  ol  the  alloy  on  The  desired  compound,  which 
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iB  completely  resistant  to  or  attacked  only  ell^y  by  the 
remains  as  a residue  on  /, 

The  apparatus  shown  in  Part  1,  Fig.  73 may  also  be  used  for  tbe 
extraction  of  alloys  with  liquid  ammonia. 

The  above  method  was  used  to  produce  NagAs,  NagSb,  KasBt^ 
NaigH)*,  NatBSn«i  NaZuia  and  Na^Au.  Pure,  well  formed  single 
crystals  were  obtained. 
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Special  Processes 

Intermetallic  and  metalloid  compounds  may  also  be  proparedby 
methods  other  than  those  described  inthepreoedingsections.  How- 
ever, these  other  processes  have  so  far  been  used  only  In  speotal 
cases,  since  the  necessaiy  conditions  tend  to  limit  their  general 
applicability. 


1.  SIMULTANEXDUS  CHEMICAL  REDUCTION  OF  NONMETALUC 
COMPOUNDS  AND  ALLOYING  OF  NASCENT  FREE  METALS 


For  instance , reduction  of  niobium  oxide  a^  ^fcel 
by  means  of  hydrogen  leads  to  Nl-Nb  alloys  [1], 
position  of  Isomorphous  mixtures  of  Fe,  Co  or  Nl 
oxalates,  conducted  under  reducing  conditions,  ^ves 
talline  aUcy  powders.  These  aUqys  correspond  to  phase 
libria  at  comparatively  low  temperatures  [2]*  . 


n.  synthesis  of  binary  alloys  and  inte^ictallic  compounds 

BY  COM  BENIN  G SOLUTIffliS  OF  BOTH  COMPONENTS 


T*..,  wm'v  ha  a third,  more  or  less  Inert  metal,  usd^^ 

With  flow  (Hg,  A1  orMg),  The  process  temperahiree 


ITM 


wn  — tr*  betWMft  aimblent  and  sevaral  hundred  degrees.  For 
iMsIo  on  the  precipitation  of  intennetalllc  compounde,  see  [3] 
ns  solution  method  may  be  used  for  the  preparation  of 
mm  intemeUlUc  compounds,  aa  well  as  veiy  reactive  metals. 
TUs  is  the  Hg  solvent  can  be  distilled  off  at  a compara- 

ttvelr  low  temperature.  The  method  can  thus  be  used  for  prepa- 
reUon  of  alloys  -which  cannot  be  obtained  by  fusing  or  sintering 
at  temperatures  (see  Amalgam  Metallurgy  [4]). 

Aluminum  compounds  (sillctdes,  borides,  and  so  forth)  can 
to  prepared  In  liiuid  Al  (see  p.  1797  ff.).  Special  silioldes  may  be 

dUtained  In  liquid  Cu  (see  p.  1796). 

Liquid  NRa  may  be  used  as  a.  solvent,  especially  in  the 
synthesis  of  alloys  of  alkali  and  alkaline  earth  metals.  However, 
this  method  has  so  far  been  used  mostly  for  nomnetalHc  or 
metalloid  alkali  compounds  [5]. 


ID,  ELECTROLYTIC  OEPOSITION  OF  ALLOYS  FROM  AQUEOUS 
SOLlTtONS. 


The  composition  of  the  alloy  depends  on  the  composition  of 
the  electrolyte,  the  reaction  condltloniSt  and  special  additives 
which  favor  the  precipitation.  Just  as  in  the  case  pf  solidification 
of  melts,  alloys  precipitated  by  the  electrolytic  method  consist  of 
heterogeneous  ciy stall! zates,  solid  solutions,  or  some  Intermediate 
phases*  They  m^y  differ  from  the  alloys  produced  at  high  tem- 
peraturesn^  The  differences  may  show  up  in  phase  boundaries  and 
in  some  physical  and  engineering  properties  [6]* 

The  following  binaiy  alloy  systems  have  so  far  been  prepared 
Jtt  this  way:  Cu-Zn,  Cu-ft,  Cu-Bi,  Cu-Pb,  Ag^Zn,  Ag~Cd,  Ag-Au, 
Ag-BL  Ag-Pb,  Au-Cu,  Au-Ni,  Nl-Zn,  Nl-Cd*  Nl-Fe,  Zn-Cd,Pb-Sn. 
W-Nl.  W-Co  and  W-Fe. 

Some  intermetallic  or  metalloid  compounds  may  also  bo  ob“* 
taiaed  by  high^temperature  electrolysis  of  liquid  melts  of  the 
comapoodlng  metal  compounds^  Seccndaiy  reactions  sometimes 
an  important  role  In  this  case*  This  method,  developed 
ffiaMy  by  Andrieux  and  Dodero  [7]^  has  so  far  been  used  for 
bolides  (see  p-  1798),  silicidea  (see  p*  1796  f*),  phosphides,  arsen^ 
Joes  and  carbides* 
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Silicides 

A summary  of  pr<x;esses  for  the  preparation  of  metal  suicides 
Is  given  in  Table  5. 

I.  MOISSAN’S  CLASSICAL  PROCESS  {FUSION  OF  THE  EX.IMENTS) 

These  reactions  are  usually  highly  exothermic;  the  charge  thus 
heats  im  far  above  its  melting  point,  and  a closely  oo^oUed 
action  becomes  Impossible  due  to  interaction  with  tte  walls  of 
tbe  vessel  and  gases,  as  well  as  volatilizatton  of  xeagen  , pro 
partly  and  the  yield  are  usually  poor, 
a)  Silicides  of  transition  metals,  f 
of  Groups  IV  to  VII.  may  be  sueoessfimy 
mixtures  of  powders  of  the  ** 

temperatures  (<  1500'C).  In  this  Sttctt 

discontinued  promptly  at  the  begli^g  ^ mast  be 

to  avoid  melting  of  the  charge.  The  sU^ 
extremely  pure  and  have  a particle  size  . gmphtte 

ndxtures  are  either  tableted  or  Pi^ssed  jj*®  ^ Under  these 
crucibles,  Th^  are  heated  In  argon  or  to  . ^ ^ ueuafly 

condiUons,  side  reactions  with  the  orimlble  utoteriau  are 

negligible. 


im 
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Table  5 


Preparation  of  Metal  Slllcldes 


Process 

Reactions  involved 

L fTom  the 

elements 

n>  By  fusion 

M+Si-MSt,  MH  + Si-MSt+Ha 

h)  By  sintering  or  sict- 
teiing  under  pres- 
sure 

n.  RsAction  of  metal  ox- 

MO + Sl-MSt  + SiO 

ides  with  Si  or  SiO^ 

MO + SIO  g + C — MSi  + CO 

(silicates)  and  C 

M silicate  + C - MSi  + CO 
/unfavorable;  \ 

(MO  + Si-MSi  + SiOa 
\MO  + SlC  -MSi  + CO/ 

in.  a)  Alumino thermic  and 

MO+Al(Mg)  + SiOg+S- 

magnesothermic 

MSI  (in  Al)^  Al(Mg)-S~containing 

processes 

slags 

b)  Aluminum  silicide 

Al-Si  + M-MSi  (in  Al) 

process 

Al-St  + MFg-MSi  (in  Al)+AlFa 
Al-Si  + MO  + NaF- 
MSi  (in  Al)+NaaAlFa+A1^5 

c)  Copper  silicide 

Cu-St+M-MSi  (in  Cu) 

process 

Cu-Si+MO-MSl  (in  Cu)  + CuO*SiOg 

W.  Electrolysis  of  a melt 

KgSlFa+MO-MSI  + KF 

V.  Vapor-depoflitlon  proc- 

M  + SiCU+Hg-MSi  + HCI 

ess 

bj  According  to  Kieffer  and  Cenvenka,  the  densl^  of  the  mate- 
r^  can  be  tncreaaed  even  during  the  heating  process,  the  result 
be^  a better  product,  A Tammaon  furnace  (see  Part  I,  p.  39)  ie 
iwwder  mixture  is  pressed  into  strong,  l5-min.-LD- 
and  heated  at  200  kg./cm.=^  and  1100-1500  “C. 
. „ *^****lmgi  the  surfaces  of  the  samples  thus  obtained  are  ground, 
jneuBag  a material  containing  only  0,02-0,05%  G. 
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neductkw  of  metal  oxides 

THE  PHESCNCE  OF  CARBON 


WITH  Si,  SiC  OR 


SiOj  (SILICATES) 


tfais  yocess  requires  veiy  high  temperatures  and 
wpedproductB  from  which  it  is  difficult  to  Isolate  well-defined 
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suicides*  For  this  reason*  this  method  is  largely  ofhiatorteti 
interest.  However , a modern  variftnt  is  of  some  impcortaoce* 
In  this  variant,  very  pure  Si  is  added  to  the  metal  oxide  la  tbe 
stoichiometric  ratio.  If  the  stoichiometric  ratio  is  maintained 
exactly*  all  of  the  o^^gen  from  the  metal  oxide  will  he  bound  to 
the  Slf  which  then  volatilizes  as  SIO*  This  method*  which  reQ^fxee 
a vacuum  but  only  relatively  modest  temperatures*  ylelde  veiy 
pure  ailicides* 

The  above  process  is  applicable  in  all  those  cases  in  which  both 
the  metal  and  its  oxide  (which is  reduced) have  low  vapor  pressuns 
at  the  reaction  temperature  (this  is  true  of  transition  metaln 
of  Groups  Ul  to  vni)*  For  instance*  the  process  yields  pure 
rare  earth  sUicides,  which  axe  otherwise  difficult  to  obtain* 
In  this  case  the  optimum  reaction  pressure  is  approximately 
0*1  mm. 

Hh  ALUMlNOTliERMlC  OR  ^^AG^^ES0THERM[C  PROCESSES 

The  general  method  was  invented  by  Honigschmidt*  It  starts 
from  metal  oxides  and  SlO^  and  gives  pure  products  if  the  nascent 
silioide  is  embedded  in  an  excess  of  the  reducing  metal  Cpreferably 
Ai),  This  is  achieved  by  using  an  excess  of  SiO^andol  theem'* 
bedding  A1  in  the  reaction  mixture*  Of  course,  the  embedding 
aluminum  metal  becomes  alloyed  to  some  extent  with  the  Si  and 
the  other  metal  of  themixture*  Tbeobjectof  the  embedding  proceas 
is  to  form  aa  ingot  or  nugget  which  can  be  eas  ily  separated  from 
the  surrounding  uonmetallic  slag*  This  separation  is  facilitated  by 
the  addition  of  fluxes  (CaFg,  cryolite  or  CaO)  to  the  reaction 
mixture  (AlaSg,  which  was  used  by  Honlgschmidt*  Is  not  recom- 
mended). The  siliclde  can  then  be  Isolated  from  the  nugget  by 
reaction  with  dilute  acid  or  alitalif  It  is  obtained  in  the  form  of  i 
oiystailine  powder. 

Some  processes  for  silfcidas  start  from  the  metal  Itself 
rather  than  its  oxide*  The  metal  Is  thus  reacted  with  a:  to  the 
presence  of  a melt  of  a third  metal  which  serves  as  the  solvent* 
Aluminum  is  usually  the  optimum  solvent*  Another  method  employe 
cotuponents  Initially  preaiioyed  with  A1  (for  Instanoe*  Th3ld  ^ 
made  from  Th-Al  and  Si^Ai  alloys)*  Still  another  proces^ 
ceeds  by  stages,  whereby  the  components  of  the  sUlclde 
pared  in  situ  from  other  compounds*  primarily  a metal  fliipri# 
or  oxide  and  an  alkali  fluoride*  The  nascent  componen^itS^ 
form  the  silicide, 

to  all  the  above  variants  of  the  basic  process*  the  sUioido  IS 
always  embedded  In  excess  Al,  The  process  has  been  used  toT 

NbSis,  TaSig,  ThSia,  MoSlgand  WSig.  a ^ a tet 

The  Lebeau  process,  which  uses  copper  as  s solvent 
carrier,  is  no  longer  of  soy  importance,  ■ 
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of  T1  Zr  and  Cr  as  well  as  those  of  the  rare  earth 
meSL  obUioed  by  electrolysis  of  melts  of  the  metals  with 

.^1  to* hue  or  nuorostHcates  of  suitable  composition. 
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suicide  layers  may  be  obtained  from  Ha-SiCU  mixtures  by 
deposition  of  an  incandescent  filament. 

Procedures  for  the  preparation  of  silicides  are  also  found  in 
other  sections  of  thisbook(see  Alkali  Silicides  p.  989  f.,  magnesium 
sllicide  p.  921  f.,  calcium  sllicide  p,  946  f.,  silicides  of  Ti,  Zr  and 
Th,  p.  1249  f.). 
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s.  especially  tboae  of  tiie  transition  metale. 
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Table  6 


PreparaUoji  of  Metal  Borides 


Process 


L ^ntheeis  from  the 
elements 


Reactions  Involved 


a)  Fusion 

b)  Sintering  or  sinter- 
ing under  pressure 


M + B-MB,  MH  + B^MB  + Kg 


II,  Aluminothermic  and 
ma  gne  sothe  rm  ic 
processes 

III,  Reduction  of  oxides 
with  carbon 


MO  + BaOg  + Al(Mg)- 
MB  + Al(Mg)  oxide 

MO  + BaO^  + C-MB  + CO 


IV,  Boron  carbide  process 


MO(M,  MH)  + B*C(C*B^3)- 
MB  + CO 


V,  Electrolysis  of  a melt 


MO -h  alkali  (alkaline  earth)  borate  + 
alkali  (alkaline  earth)  fluoride 
MB  + alkali  {alkaline  earth)  borate- 
fluoride 


V L Vapor-depos  ition 
processes 


M (M  halide) + B halides 
MB  + hydrogen  halide 


1,  ^nthesis  via  fusion  of  the  elements  entails  such  high  heats  of 
formation  that  the  reaction  temperatures  become  veiy  high*  As  a 
result,  there  is  Interaction  with  the  material  of  the  vessel  and  thb 
product  boride  becomes  contaminated*  On  the  other  hand^  all 
borides  may  be  prepared  by  elntering  the  appropriate  metal  'with 
arnorphous  boron  powder,  which  should  be  as  pure  as  possible 
(commercial  grades  now  available  contain  97-99%  B),  Tl^  re- 
action mixtures  should  be  heated  In  alumina  crucibles  (W  or  Ite 
crucibles  or  boats  may  also  be  used)  in  vacuum  (an  argon  atmo^ 
phere  is  occasionally  also  used).  The  reaction,  which  Is  always 
exothermic,  starts  at  temperatures  of  700-1200  “C;  the  htghc^ - 
temperature  may  lie  above  2000  “C#  Ih  some  cases  ^ 
under  pressure  in  carbon  tubes  (mentioned  as  a possible  method 
of  synthesis  for  sillcldes^see  p*  1796)  can  be  used* 


II,  Reduction  with  AI  or  Mg  allows  the  use  of  oxides  aa 
materials  and  eliminates  the  preparation  of  pure  boron;  chii  tSS; 
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kuwL  Uds  m*thod  Involves  liicemrenlence  of  chemical  s^a- 
ikMcn  of  the  produet  boride  ciyBtals  from  by-products.  This 
especially  difficult  In  the  case 

SrSLtnotbenntc  preparation  of  high-melting  borides  <those  of 
SiSSSrmSals  of  GrSps  HI  to  Vl).  No  solid  ingot  or  nugget  Is 
tamed  in  this  case;  the  fine  boride  powder  is  occluded  in 

According  to  Andrleux  and  Peffen,  an  excess  of  BgOg,  CaO 
«i  N*/l  shoSd  be  added  to  the  reaction  mli^re.  The  alumina 
sUg  thus  becomes  soluble  in  acids  and  may  be  separated  more 
easUr  from  the  boride  powder. 


Ill  Originally  the  preparation  of  borides  of  metals  such  as  Ti  and 
Zrfrem  B*C  involved  a reaction  In  hydrogen: 


7Ti  + 3B4C  + BiOi  = 7TiBj  + SCO 
3Ti  + 2B*C  + TiOi  = 4TiBs  -r  SCO 

tlecently,  however,  a simpler  process  has  been  devised; 

aiiOi  + B4C  - SC  = 2TiBs  - 4 CO 

The  mixture  of  starting  materials  Is  pressed  into  pellets  and 
heated  in  a tubular  carbon  furnace  under  high  vacuum.  Maxi- 
mum temperatures  of  1400-1900'’C  are  required  to  produce  the 
metal  boride  within  a reasonable  time.  The  meth^  has  been 
tested  for  borides  of  Ti,  Zr,  V,  Nb,  Ta  and  W, 

Alternate  methods: 

IV.  Small  quantities  of  pure  boron  compounds  can  be  prepared  by 
electrolysis  of  melts.  Boron,  which  is  evolved  on  the  cathode 
£rom  alkali  and  alkaline  earth  borates,  combines  with  the  sitnul- 
taneously  precipitated  metal, 

V,  Passage  of  gaseous  mixtures  consisting  of  a metal  halide, 
BBrs  and  Ha  over  Incandescent  carrier  metals  on  the  average 
yields  only  boride  layers  inhomogeneous,  and  solid  products, 
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Amalgams 

While  some  low-meiting  {<  1000 X)  metals  fail  to  form  alloys 
with  mercury,  the  majoiHy  may  be  amalgamated  simply  by  heating 


Table  7 

Solubility  of  Metals  In  Mercury  at  about  20“C 
(after  Jangg  and  Baeh) 


Meul 


Ag 

A1 

As 

All 

Ba 

Be 

Ca 

Cd 

Co 

Ct 

Cm 

Fe 

Oe 


Solu&Uity  In 
weights 


0.03 

13  10"^ 
0^ 

0.13 

0.3$ 

lior^ 

lA 

0,3 

$j0 


■<  4 


. 10" 
a.wr* 
5-10“’ 
i-itr* 


MeiaL 


In 

K 

La 

LI 

Wg 

Mm 

Mo 

Nk 

Nl 

Pb 

Pd 

Ft 

Sb 

Hh 


SdiihlUtyiu 
weight  % 


S7 

Di3$ 

0.013 

OAl 

1.7  ■ l(T^ 

0.32 

1.S 

ojoe 

s*ior^ 

oae 


Metal 


Au 

Sb 

SI 

Sa 

Sr 

T* 

7h 

Ti 

U 

V 

W 

Zn 

& 


— — ^ — ■ ■■  y.  ■ 


jO.35  . 
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I-IO' 
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m closed  tpcn  crucibles  or  glass  ampoules,  ^dar 
jS£^pSinst.iwes.  these  vessels  may  also  oonUin  social 
SSrt^cSwlUes  (see  p.  1^74  fL).  This  simple  process  applies  to 

XSttwr  preparation  of  amalgams  consists 

of  tto2StrSS®is  solutions  ofthe  respective  metal  salts  in  cells 

cathode.  The  concentrations  of  the  respec^^^^^^ 
me^  In  the  amalgam  reach  very  high  levels  so  that  solid  P^ses 
separate.  The  method  is  applicable  even  to  metals  with  ex- 
trejpely  low  solublllly  In  Hg  (for  example,  Fo);  m tWa  ^se,  the 
met^gives  suspensions  of  the  metal  in  Hgwhich  exhibit  behavior 
similar  to  that  of  "true”  amalgams  (see  Table  7). 


RErEB£NCE; 

G.  Jangg  and  H.  Bach.  Quecbailber-  und  Amalgammetallurgle, 
Handbuch  d.  techn.  Eleldrochemie  [Mercury  and  Amalgam 
Metallurgy,  Handbook  of  Engineering  Electrochemistry],  Vol.  I, 
Leipzigt  W6I4 

It  is  sometimes  des ired  to  prepare  liquid  or  semisolid  amalgams 
of  base  metals  for  special  purposes,  especially  for  use  as  laboratory 
reducing  ag?enla*  The  folio  wing  simple  met  hods  apply  in  these  cases: 


SODUJM  AMALGAM  tLiQUiD;  ABOUT  \%  Na) 

L Clean  aodlum  metal  (11*5  g*)  is  cut  into  5 --mm*  cubes*  The  cubes 
are  speared  with  a pointed  glass  rod  and  rapidly  Introduced  below 
the  surface  of  warm  (3G-40^C)  pure  mercury  (1150  g*  - 85  ml*) 
contained  in  a 500-mL  wide -neck  Erlenmeyer  flask*  The  flask  is 
covered  with  cardboard  to  prevent  spattering  during  the  rather 
vigorous  amalgam  formation  reaction, 

n.  In  another  method*  3^5  g,  of  Na  protected  by  a layer  of  toluene 
flO-15  mL)  is  melted  in  a 250-ml*  Erlenmeyer  flask  placed  on  a 
hotplate.  Thertr  340  g*  (25  mL)  ofHg  is  added  in  drops  (stirring  or 
aha  king).  The  first  few  drops  of  mercuiy  cause  a vigorous  reactioui 
Iwt  then  the  amalgam  formation  becomeB  less  violent.  The  toluene 
bcrfls  during  the  entire  addition;  at  the  end,  It  Is  decanted  or  dls* 
placed  with  other  liquids, 

following  method  for  solid  amalgams  may  be  modified  and 
ad^rted  to  other  ratios  of  reagents, 

SODfUM  AMALGAM  (SOLID;  ABOUT  2-3%  Nai 

procedure  gives  especially  pure  material:  Clean 
f™“  0ee^  (6.9  g:  for  an  amalgain  containing  2%  Na,  10  g* 
■pr  me  emtaUUng  3%  Na)  are  placed  in  a 250-mL  three-neck 
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round-bottom  flask.  The  two  side  necks  carry  nitrogeti  tadet 
and  ouUot  tubes ^ while  the  center  neck  carries  a dropping  Juxmel 
containing  340  g-  (25  ml*)  of  Hg*  The  flask  la  thoroughly  fluifdieil 
with  Ng*  and  10  ml*  of  Hg  Ig  then  added.  The  flask  Is  heated 
on  an  open  flame  until  the  start  of  the  reaction.  Additional  Hg  Is 
then  slowly  added*  with  minimum  additional  beating.  After  the 
addition p the  hot  molten  amalgam  Is  poured  onto  a clean  plate  and 
broken  tip  into  pieces  while  etiU  hot  and  brittle* 

IL  Another  method  i&  useful  for  preparation  of  larger  quantities 
of  amalgam.  Thus*  for  example p 51  g,  of  cleanj  freshly  cut  sodium 
ie  heated  In  an  enameled  pot  (about  18  cm.  LD,)  under  paraffin  oil 
until  molten  (the  thickness  of  the  protective  oil  layer  should  bo 
1 cmj*  Then,  1650  g*  (122  ml*)  of  Hg  is  added  slowly  (constant 
stirring)  from  a dropping  funnel.  This  reaction  ends  within  3^4 
minutes*  and  most  of  the  paraffin  is  decanted.  The  amalgam 
solidifies  at  about  250*C*  During  cooling*  It  la  comminuted  with  a 
heavy  pestle  to  form  small  be  ads*  Alternativelyp  thehot  llqtuld  amal^ 
gam  may  be  poured  (together  with  the  adherii^cil)  Into  a porcelain 
dish  and  ailowedtosolldifyi  the  cake  is  then  broken  up  to  the  desired 
particle  size  In  a mortar*  After  complete  cooling  the  oil  is  removed 
by  washing  with  petroleum  ether  or  benzene.  The  solvent  is  then 
evaporated,  and  the  product  stored  in  an  air"frse  atmosphere, 

PBOPERTIES: 

Amalgams  containing  less  than  3%  Na  are  not  too  sensitive  to 
air ; however  they  must  be  stored  in  an  air-free  atmosphere.  Com- 
plete liquefaction  occurs  at  the  following  (liquidus)  temperatures; 
0*5%  Na,  0“C;  1.0%  Na*  50"C;  L5%  Na,  100*C;  2,0%  Na,  130*C; 
2.5%  Na,  156 *C;  3%  Na^  250^C;  4,0%  Na,  320 *C, 

ItEFERENGES: 

Organic  Syntheses#  Collective  Volume  1#  New  York'- London,  1941-^ 
p,  539j  W,  R,  JEtenfrow*  Jr.*  and  C,  R-  Hauser  In:  Organic 
Syntheses,  Collective  Volume  2^  New  York-London,  1950, 
609;  V.  Deulofeu  fliwi  T-  H-  Guerrero  In:  Organic  Synth^iSi 
Vol,  _^*  New  York-London,  1947,  p-  92;  S,  H.  Babcock In^ 
H,  S.  Booth.  Inorganic  Syntheses,  Vol,  1,  New  York-Lcndcfe^ 
1939,  p.  10;  L.  F.  FJeser.  Experiments  in  Organic  Chemistry* 
New  York,  1941,  p+  419, 

POTASSIUM  AMALGAM  " 

For  prsp&rfttlOD.,  BOS  A,  RoedBr  and  W.  Mbr&wlstZt  Z, 

Cham.  6fl,  43X  (1956).  ' ' ^ 
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»«tor  is  a smaJl  steel  bomb  b (Fig,  3561  The  vertical 
BUt  of  the  top  opening  carries  a flat  thread  Into  which  is  ac  rewed 
irtnnl  bead  fe  While  the  two  parts  should  fit  each  other  well, 
qm  fth™!'*  be  to  unscrew  li  without  too  much  difficulty.  The  conical 
KrtMded  surface  above  the  thread  provides  additional  sealing  area. 
The  seal  should  bold  at  better  than  70  atm.  The  head  A carries  a 
pressure-reducing  valve  r connected  to  pressure  gage  rn  and 
nressure  tubing  J.  which  leads  to  a compreesed  nitrogen  cylinder, 

A piston,  s,  located  inside  the  bomb  and 
~ actuated  by  the  gas  from  the  cylinder, 


M 


Fi|^  356.  Preparation 
of  calcium  amalgam*  b 
steel  bombf  19  cm«  long^ 
5*5  cm,  9 mm,  wall 
thiolmesa:  capacity  45 
mL  iqi  to  the  screw 
Unread;  j movable  pis  ton; 
k Ateel  bead;  r pressure- 
reducing  valve;  m pres- 
gage;  d copper 
preBeure  tubing  for  in- 
treductiOD  of  Na. 


fits  the  walls  fairly  tightly* 

To  start  with,  the  bomb  is  charged 
with  35  ml,  of  pure  Hg,  Thea,  7-10  g, 
of  shavings  of  commercial  Ca  are 
added  and  the  piston  set  in  place.  The 
bomb  is  tightly  closed  and  nitrogen  In- 
jected to  a pressureof  6 0-70  atm^  above 
the  piston.  The  formation  of  the  amal- 
gam starts  immedlatelyp  heat  of  re- 
action Is  evolved,  and  the  bottom  of  the 
bomb  becomes  hot;  the  reaction  ends 
in  no  more  than  10-15  minutes.  The 
pressure  is  released  and  the  bomb  is 
opened.  The  amalgam  is  rapidly  trans- 
ferred to  a dryj  wlde-neck  flask  of 
about  60-ml,  capacity,  which  is  then 
tightly  closed.  The  steel  bomb  Is  rinsed 
with  some  pure  Hg,  This  material  is 
added  to  the  flask^  which  Is  then  filled 
with  Hg  to  just  below  the  stopper  (the 
amalgam  in  the  flask  heats  up  con- 
siderably on  dilution  with  the  Hg).  The 
mixture  is  shaken  well  and  allowed 
to  cool, 

PROPEBTIES: 


preemre  tulnng  for  in-  This  amalgam  contains  about  l%Ca; 

troduction  of  sometimes  solidifies  In  the  cold;  can  be 

- - j ^ , stored  Indefinitely  in  containers  com- 

gete^r  ^th.  mercvry.  According  to  data  In  M.  Hanson  and 
ir  ®E  Binary  Alleys,  Uie  llqvddus  curve  in 

„ to  ®tiout  260"c  at  2%  Ca,  140*C  at  1%  Ca, 

most  of  this  amalgam  solidifies  at  the  peri- 

leelte  potet  —39*^0. 
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REFEEIENCEj 

A*  Brukl,  Afigew,  Chem.  §2^  151  (1939)* 

Sl’RO>^ T!UM  and  BARIUM  AMALGAMS 

Strontium  and  barium  amalgams  are  prepared  by  electrolysis 
of  solutions  of  the  corresponding  chlorides  on  meieniy  cathodes. 
The  directions  for  the  compound  are  each  applicable  to  the 
other, 

STRONTIUM  AMALGAM 


The  ceil  a of  the  apparatus  shown  in  Fig,  357  contains  about 
300  mL  of  a saturated  solution  of  pure  SrClai  made  weaWy  acidic 
with  HCl  (if  contaminated  with  traces 
cf  Na  and  Fe  the  salt  must  be  prepuri’ 
fied)*  The  cathode  b consists  of  600  g, 

(45  mL)  of  pure^  distilled  Hg.  The  thick 
Pt  wire  c,  which  dips  into  the  mercuiy 
pool,  is  the  current  lead.  The  anode 
is  a graphite  rod  e (10  mm*  0*D.)  sus- 
pended In  a porous  clay  cell  d which 
dips  into  the  liquid.  The  electrolysis 
proceeds  at  a current  of  6.5  amp*  (that 
is,  at  1*7  amp*/im®,  considering  the  24 
cm?  of  cathode  surface).  The  passage  of 
the  current  causes  a sharp  temperature 
rise  and  the  electrolyte  Is  maintained 
at  the  optimum  temperature  of  38-40®C 
by  means  of  cooling  coils  g and  i wound 
on  the  outer  surface  of  cell  a and 
immersed  in  the  solution.  The  liquid 
in  the  anode  space  is  replaced  every 
15  minutes  to  prevent  accumulation  of 
Cl 3 and  its  penetration  Into  the  cathode 
space.  The  Sr  content  intbeHg  reaches 
1.3%  in  90  minutes:  at  this  point  the 
amalgam  becomes  a sluriy  because  ^ . t™. 

the  Uquldus  point  for  this  composition  is  reached,  Tte  ciirrWii^ 
shut  off  and  the  electrolyte  is  poured  out  fcom  the  cell. 
amalgam  is  then  removed,  washed  several  times  with 
dried  with  filter  paper^ 


Fig.  357*  Preparation 
of  strontium  amalgam* 
a electrolysis  cell:  h 
mercury  cathode:  ^ 

currant  lead  (Pt  wtr^; 
d porous  clay  cell;  ^ 
anode  (graphite  rod); 
g water-cooled  cbjls^ 


PaOPEHTIES? 

Silvery,  sMiy-  solid  at  room  temperature.  Must 
air-free  atmosphere.  ■ ' 


e,  brauer 


REfCKKltCK^ 

u HoU«cl;  Wid  W.  Noddack,  Angew.  Chenft.  50,  S19  (1937). 


BARR'U  \U\Lt;\.V  t.\l'Pl.lCAH(.E  ALSO  ‘TO  STRON'IlUM  AMALGAM) 

The  oeU  consists  of  a 250-ml.  beaker.  The  cathode  Is  a pool 
of  350  g,  (18  ml.)  of  pure  mercuiy.  A Pt  wire,  all  of  it  except  for 
the  tip  sealed  In  glass  to  prevent  contact  with  the  electrolyte, 
i«pe  Into  the  mercury  pool  and  serves  as  the  current  lead.  The 
aaode  is  a horlaontal  sheet  of  Pt.  5-10  cm.®  in  area. 

The  cell  is  filled  with  100  ml.  of  saturated  BaClz  solution.  The 
electrolysis  proceeds  at  a current  of  1.75-2.5  amp.  and  6-7  v.  The 
current  should  be  shut  off  after  2.5  hours,  since  beyond  that  time 
there  occurs  a sharp  voltage  rise,  evolution  of  gas  at  the  cathode 
and  decomposition  of  the  amalgam.  Sometimes,  crystalline  amal- 
gam particles  deposit  on  tha  mercury  surface  and  interfere  with 
the  electrolysis.  This  deposition  may  be  prevented  by  slow  agitation 
with  a stirrer,  or  the  crystals  may  be  pushed  Into  the  body  of  the 
mercury  with  a glass  rod. 

At  the  end  of  the  run  the  solution  is  decanted  and  the  amalgam  is 
thoroughly  washed  with  distilled  water,  followed  by  ethanol  and 
ether,  ft  contains  about  3%  Ba.  Is  Is  stored  In  an  air-free  at- 
mosphere. 

RErERXNCES: 

G.  HcFIjail  Smith  and  A.  C.  Bennett.  J.  Amer,  Chem.  Soc.  31,  804 
(IdDS);  B,  C.  Markleln,  D.  H.  West  and  L.  F.  Audrieth  in: 
H.  S.  Booth.  Inorg.  Syntheses,  Vol.  1,  New  York-I/ondon, 
1935,  p.  11, 


ZHC,  CADMIUM,  TIN,  LEAD  AND  BISMUTH  AMALGAMS  (LIQUID) 

The  liquid  2 me  omalgam  (2-3%  2n)  Is  prepared  from  4 g,  of 
^ terannles.  shavings;  preferably,  however,  foil).  The  zinc  Is 
««»aaed  with  ether,  thoroughly  washed  with  dilute  H,S04,  placed 
flafik*  and  heated  oa  a water  bath  together  with  200  g, 
jrr.  Hg  and  3 ml.  of  INHaSO*.  The  Zn  dissolves  com- 

ID  about  20  minute  The  liquid  amalgatii  la  repeatedly 
wttii  veiy  dilute  cooled  and  separated  in  a dropping 

*y  phase*  composition  approx, 
Tlit<>c  mlldD  may  be  used  to  enhance  the  Za  concentration 
m during  use.  The  liquid  Cd  ond 

(eaoh  containing  about  3%  of  the  respective  metal) 


5.  ALLOV&  AND  INTERMETAU-fC  COMPOUND^ 


IMT 


are  prepared  in  an  analogous  fashion*  KoweveTf  the  Bt  amalgam  ie 
prepared  with  hydrochloric  rather  than  aulfuric  The  Sfi 

ornolgam  (8%  Sn)  is  prepared  by  heating  Sn  granules  with  Hg  under 
hydrochloric  acid.  The  liquid  Pb  amalgam  (3%  Fb)  fay  heating  dijr. 
Pb  with  the  stoichiometric  quantity  of  Hg  (the  starting  Pb  mMt 
be  freed  of  surface  oxide  by  treatment  with  cone.  HCl),  Ihie 
amalgam  product  is  washed  with  water, 

PHOPEiHTlESi 

The  above  liquid  amalgame  are  ve^  stable  and  may  be  stored 
for  a long  time  under  weakly  acidic  wateri  with  which  they  react 
extremely  slowly^ 

Used  as  reducing  agents  in  volumetric  analyses- 

REFKaEt^CES: 

E.  Brennjecke,  Fliisslge  Amalgame  als  Beduktlonsmlttei  in  der 
Mass  analyse  [Liquid  Amalgams  as  Reducing  Agents  In  Volu- 
metric Analysis]  t inr  Brennecke,  Fajans*  Furmann,  Lang  and. 
Stamm*  Neuere  Massanalytische  Methoden  [New  Methods  of 
Volumetric  Analysis],  Stuttgart^  1951;  also  contains  references 
to  original  publications*  C.  Wintersteln,  2,  anal*  Chem,  jtl7^ 
81  {1939), 


AMALGAMS  OF  RARE  EARTH  METALS 

Amalgams  of  rare  earth  metals  (3%  of  the  metal)  are  readily 
obtained  by  electrolysis  of  alcoholic  solutions  of  the  corresponding 
anhydrous  chlorides  at  an  Kg  cathode  and  a graphite  anode*  These^ 
amalgams  may  be  then  further  concentrated  by  dietUllng  oft  the 
excess  Hg. 


REFERENCES: 

E,  E.  Jukkola,  L,.  F,  Audlieth  and  B.  S.  Hopkins  in:  H.  S.  Boothi* 
Inoxgi  Syntheses,  Vol,  It  New  Tfork-Londont  1939,  p.  15.  ' ' - 


ALUMINUM  AMALGAM 


The  normal  procedure  is  to  deposit  only  a surface 
amalgam  on  the  metal,  in  order  ^ activate 
specific  reaction  [H.  Adkins,  J.  Amer.  Chem.  SeXf^Mt 


G,  ORAUER 


Potos$iuwi-Sodiiiflri  Alloy  (liquid] 

Tk^consUtutlolAl  diagram  of  the  K-Na  system  shows  a liquidus 
iptiitiwnm  at  — 12.5“C  corresponding  to  77.3  wt.  % it  All 
alhws  with  compositions  near  this  point  {45-SO  wt,  % K)  are 
at  room  temperature  and  are  much  more  reactive  than  the 

Allws  such  as  these  are  prepared  by  carefully  heatli^,  for 
iDStucea  3 g*  of  clean  pieces  of  K and  1 g-  of  clean  pieces  of  Na  (or 
other  required  quantities  of  these  metals)  under  anhydrous  toluene 
or  scyleoe^  while  kneading  the  two  metals  with  a flat-end  glass  rocL 
According  to  Lecher,  the  metals  may  be  combined  even  at  room 
temperature  provided  some  ethanol  Is  added  to  the  protective  fluid 
fa  order  to  activate  the  metal  surface.  The  vessel  is  a Schlenk 
fljisk,  which  consists  of  a two^neck  glass  bulb  (one  of  these  necks 
is  narrow  and  vertically  centered,  the  other  is  inclined  and  some- 
what to  the  side  of  the  flask)*  An  alloy  useful  in  organic  reactions 
may  be  Obtained  from  0.35  g*  of  Na  and  1.6  g.  of  K,  which  are 
combined  under  weakly  alcoholic  ilgrohi  while  a stream  of  nitrogen 
la  Introduced  via  the  side  neck  (the  metals  ate  kneaded  by  meanis 
of  a flat-end  glass  rod  Introduced  through  the  vertical  neck).  After 
a liquid  alloy  has  been  obtained*  the  nitrogen  purge  is  continued 
while  Che  alcoholic  ligroin  (including  the  impurities  suspended  in  it) 
is  replaced  by  clean,  anhydrous  ligroin* 

The  Schlenk  flask  may*  of  course,  be  replaced  by  other  devices 
which  allow  work  in  the  absence  of  air*  The  liquid  alloy  Ignites 
spontaneously  and  must  always  be  protected  by  an  inert  fluid  and 
an  inert  gas  (Na*  CO^), 


BEFERENCES: 

B*  Lecher.  Ber*  dtsch,  chnm,  Qes,  48,  524  (1915)*  For  constitu- 
tional diagrams  and  crystal  structures  of  the  K-^Na  and  other 
binary  systems  of  alkali  metals,  see  also  A*  Helms  and 
W.  Klemm*  Z.  anorg,  allg.  Chem,  2^,  201  (1939)* 


Low-Melflng  AMoys 


l^w-meltlng  alloys  are  often  required  for  special  pur^ses 
tor  beating  baths  or  manometers i sealing  In  other  liquids 
for  flowcut  devices.  Some  of  these 
reasonably  stable  in  air  ar  their  melting 
Md  Mmewliat  above,  axe  listed  below. 


5.  ALLOYS  AND  INTERMeTALUIC  COMPOUMQ5 


Designation 

M,p„ 

“C 

Composttlon.  wt,  % ; 

Bl"Cd-Pb-Srx  eutectic 

n 

49.5  Di/10.1  Cd/2,7.3  Fb/ 13.1  fib 

{Wood’s  Llpowitz  metal) 

Bi-Cd-Pd  eutectic 

91.5 

61.7  Bl/8,1  Cd/40.2  ¥b 

Bl“Pb“Sn  eutectic 

96 

50  Bl/31.2  Ki/18,8  Stt 

(Ne’wton’s  Rose  metal) 
Bi-Cd-Sn  eutectic 

103 

54  Bi/20  Cd/26  ^ 

Bl-’Pb  eutectic 

135 

S6.5  Bl/43.5  Pb 

Bl’^Sn  eutectic 

139 

5«  Bl/43  Sn 

Cd-Pb-Sn  eutectic 

145 

18.2  C(V32  Pb/49,8  Sn 

Pb”Sn  eutectic 

183 

37.7  H>/62.3  Sa 

Sn-Zn  eutectic 

198,6 

91.1  Siv'B.9  Zn 

Cd-Zn  eutectic 

266 

82.6  Cd/17.4  Zn 

Ag-Pb  eutectic 

304 

2.5  Ag/97.5  Pb 

Further  special  alloys  caa  be  obtained  with  Ga  and  hi; 


Designation 

M,p.. 

"C 

Composition,  wt.  % 

Ga-In-Sn-Zn  eutectic 

3 

61  Ga/25  W13  5n/1  Zn 

Ga™In-Sn  eutectic 

5 

62  Qa/26  bi/l3  8a 

Ga-In-Zn  eutectic 

13 

67  Ga/2&  hi/4  Zn 

Ga“In  eutectic 

16 

76  Ga/24  In 

Ga-Sn  eutectic 

20 

92  Ga/3 

Ga-Zn  eutectic 

25  , 

95  Ga/5  Zn 

L 46 

46.5 

40,6  BI/8.2  Od/18  W22.4  Hj/ 
10.8  Sn 

L 58 

58 

49  Bi/21  li^ia  Pb/12  Sb 

In^Sn  eutectic 

117 

52  In/ 48  Sn 

An  exhaustive  review  of  alloys  melting  between  — 39*C  and 
+419 "C  is  given  by  Spengler.  U the  low-meXting  alloys  are  tised  as 
cements  or  solders  for  nonmetallic  objects,  or  if  they  are 
in.  ncinxifitaUio  veesols#  th6n  tb6  th^raial  e?Q)&iislozi  cwEfloisute 
must  be  carefully  considered^  For  instance,  Wood*s  metal 
on  cooling  atd  reaolidifioatlon,  burst  gUss  vessels  in  which  ^ 
Is  contained  for  use  as  a bath  liquid, 


JlEFEJieNCES: 


H.  Spongier,  Metall  9,  682 

jT  D’Ans  and  E.  X*x,  Tascheubuch  f.  ChemlKer  and 


a,  8RAUER 


iBwtftOok  fat  Chemists  end  Physicists]  i Berlin-G6ttingeti-~ 
HeMelberg.  1969;  M.  Hansen  and  K.  Anderko.  Constitution 
ol  Btehiy  Alloys,  New  York~Toronto- London,  1958;  C.  3.  S. 
Smlthells^  Metals  Reference  Book,  London,  1949;  M.  T.  Lud- 
(The  iiftdjnm  Corp.  of  Amer.),  Indium  etc.,  New  York, 
W.  KeoU.  Matallwlrtschaft  U,  435  (1932}. 


Formula 

■ ■>  t/.- 

pp  1-93Z.'  Vol,  J;  ;>f>  lQ03-taiO:  Vot.  » ; ' 

, 

NOTE;  Rare  earth  elements  (lanthaniides) aredesl^ 
nated  by  the  common  symbol  Ln  (except  in  special  cases  ; ; ^ 
where  R.E.  has  been  teed).  Thus,  ioT  their  compounds 
see  under  Ln. 


A 

Ag  102C,  275,  1028 
Ag2C2  1047 
A^CFjCOO)  205 
Ag2C4K406  1049 
AgCN  661 
Ag2CN2  1047 
AgaCOs  1046 
AgClOs  1037 
EAg(djpjrr)3HCl04)2 
1050 

[AgCdipyrJjlNOa  1050 
IAgtdipyr)3ltNOa)a  1051 
[AgtdipyrjalSaOs  1051 
AgF  240 
AgFa  241 
AgjF  239 
Agl  1035 
A^1n04  1463 
AgNa  1045 
AgaN  1046 
AgNCS  671 
Ag^Ha  1043 
A^Oa  1048 
AgaNaOs  493,  514 
AgaO  1037 
AgaOa  1036 
Ag2O.4WO3.aq  1728 
A^OaCKHa^a  582 
lAgphecaJSaOB  1050 
AgaS  1039 
AgaSOs  1043 
AgaS04  1042 


AgaSe  1041 
AgaSt03  70S 
AgaTe  1042 
AIAb  831 
AIASO4  B31 
AlBa  772,  1792 
AlBia  772 
AtSra  806,613 
AtBr^.HaS  61$ 

AUC^  832 
AUCaHsls  810 
AUCaHjlaBr  609 
AKCHsCOOla  835 
Al(C2Hs)2ChO(C2H5)a 
811 

AKCaKslaH  811 
AUCsKyOals  836 
Al[C2K5l3.0(C2Hsh 
BIl 

AKCNlg.OlCjHsJa  834 
AUC*  1792 
ALCla  680,  805,  612 
AI2CI3H3  808 
AlCl3.6HaO  815 
A1C13-NH3  817 
AlCls-PCls  818 
AlClj-SOa  817 
AlaCle-SOCla  818 
AIF3  225 
AlFj.3HaO  225 
AlHa.NfCH3>3  809 
AlH3-2N(CB3)s  809 
(AlH3)„.xOtCiHsla' 
AII3  614  ^ 


AU3.6NH3  819 
AULb  1792  . 

AIN  827 
AKN3>3  829 
AlaNh  1792 
AliOa  024.  1660 
AU0CHa)3  833 
AK0C2H3)3  634,  835 
AUOCxH4)3N  835 
A1{0D>3  134 
AKOiDs  676,810,820 
AlOOH  820  i 

Ala03.2S02-HaO  824' 
AlaOs-SSOa-stflaO  824  - 
AlP  829 

AIPO4  831  . 

AljSa  134,  700,  823  ''“ '>'1 
AlSh  331 
AlaSea  825 
AiaT«  1792 
AtaTea  826 
AlaTh  1792 
AI3V  1792 
AlgKr  1792 
At  82 
Aa  591  ‘ 

AsBra  597 
AeCl3  59& 

AbFs  179,197 

AePs  198 
AbHb  593  ' ' i 

Afl3S4  m'  ^ 

598 


Itit 


POttMULA  INDEX 


JU]0)  m 
iU/H  <U 

Wt 

AA^UMoOs-aq 

1735 

A*9S$  60S 
Ab^  60S 
Ab}Z^  SM 
A>  loss 
^MiCi  1063 
A»CN  1064 

AbCi  loss 

AaClj  1056 
\m^3  1039 
AdOHlj  1060 
A>S  1062 
Ab^S  1061 
AbjS}  1063 


B 


B 770 
BjAI  T72 
BijAI  772 
BAs04  79? 

B»r3  770,781 
BCCHjJj  798 
BfCsHs)^  799 
®tC^B^+i)3  800 
TOj  TOO 
BCl2(C^2a+i)  003 
BFs  2» 

802 

BFa-2Q^  7M 
BPj*fl03  785 
Wj^C2Hs)j  766 
773 

MrWClIxls  778 
■9  7«2 
M 7W 
m 9)9  478 
M8Ct^9  779 
MA  779 
7W 


»j«  Vvt,  i 
WOCHjlj  797 
BaOstCHals  800 
B30s(n-C4H9)3  SOI 
B(OH)2CHa  800 
B(OH)j(n-C4Hs)  801 
Ba0a.24W03*«q  1716 
BPO4  796 
B2S3  788 
Ba  922 
BaBr2  930 
BatBiOaVHjO  316 
BaCOj  933 
BaCSa  674 
BaCLj  930 
Bfl(CJOatj-HiO  314 
BalClO^li  320 
BaCCIOJraKsO  320 
B«2Ci04  1393 
Ba3(Ci04>2  1394 
Ba^lCuCOIDfi]  1685 
BaFj  234 

BajCFetOHlei^  1691 
Baj(Fe(0H)7)wH20  1691 
BaCeFg  215 
BaK2  929 
685114(10^)2  326 
Ba(HjP02)2H20  557 
BaHjPsOe-SHzO  S62 
Balj  930 
Ba(Ma04)2  1462 
BalNj)^  942 
Ba(Pl5)2-H20  942 
643^3  940 
BaO  933 
BaOj  937 
Ba03.8K20  936 
3Ba0.P30s'24Ma03>aq 
1732 

lOBaO'  P 305^24  V 205-  aq 
1740 

SBaO.  P3O  5, 24WO3  ■ aq 
1721 

Ba3(P03S2)2.8H20  572 
B«PtCCN)4.4H20  1S76 
BaR*04  1485 
fiatBaC4>2  I486 
B«3(ReO$l2  1487 


B;aS  93B 
B«(S03P)2  173 
BaSaOe-ZHjO  397 
BaSa4-KMn04  1463 
SaSe  939 
BaSe04  939 
BaSl  947 
BaSi03  706 
Ba5l  2O5  7Q6 
Ba[Sn20(OB}4]  1696 
BaTe  940 
Be  88? 

BeBi2  891 
BeC2  899,900 
BejC  899 
Bc{CH3COO)2  901 
BeCOj  893 
BeClj  839 
BeF2  231 
Be(2  B92 
BeC«3)2  899 
Be^Na  890 
BeO  893 

B*40(CH5C00)6  901 
B«40{C2H5C00)6  902 
BetOK)j  894 
Be40(HC00)fi  902 
BaS  895 
BeSe  897 
Bale  897 
Si  620 

Bi803-2H20  627 
BiBr3  623 
S1CI2  622 
B1CI3  621 
BiFj  201 
BiFs  202 
Bilj  624 
BilCla  622 
BijOa  620 
Bt204«aq  629 
BiOSr  624 
BiOCl  622 
BiOl  625 
BiONOa  626 
BiONOa'KHaO  626 
BiONOa  620 


pp  i-992.-  Vol,  1;  pp  1003 
B1PO4  626 
BiPOvSH^O  626 
Bt2  275 
Bi€N  665 
B1P3  156 
BrFs  158 
Brz-SHjO  276 
BrNa  476 
BKNOslj  328 
fliOj  306 
R-jO  307 
[BrP^JCtO^  328 
[BrPy2]F  328 
[BrPyxlNOa  328 


C 

C 630 

C3oAlCl4-2A]Cl3 
CgBr  643 
CeiFa  205 
CCI2F2  151,  205 
CaChF^  205 
C2CI3F3  205 
CbCa  635 
C24C9  635 
C36CS  63S 
C4bC9  635 
Ci2C8(NK3)2  6S7 
CF  640 
CF4  203,  207 
C4F  641 
C2HCI3F2  205 
CKF3  204 

C24HS04-2H2S04  642 

CiFa  205 

CsK  635 

C24K  635 

CagK  636 

C4«K  536 

CuK{Pffl3)2  «37 

Ci2Li(NH3)2  637 

{CN>2  661 

CNBr  665 

CNCl  662 


formula  thoex 


wei»  ■ 


■laiOi  Voi,  2 
CN1  666 

Ci2Nft(NH3)2  637 
CO  645 
COa  647 
C3O3  648 
COBrF  210 
COCI3  650 
COCIF  208 
COF2  206,  210 
COIF  211 
(CONHla  668 
COS  654 
COSe  655 
CaHb  635 
C24ltb  635 
CaeRb  635 
C4BRb  635 
Cj2Rb(NHa)2  637 
CS2  652 
C3S2  653 
CjSjBta  653 
CS113  656 
Cft  922 
Cb{A1H4)2  806 
CaBrj  930 
GsCa  943 


CaSi  946 
CaSis  946 
C«Ta  940 
Ca  1042 
CdAaj  1103 
CdjAaa  1108 
C8Br2  1096 

1108 

Ca(CK3COO)2  1105 
Cd(CN)2  1105 
cacOa  1104 
caci}  1093 
CaCla.KCbHsO  1095 
cap2  243 
CaPe204  1107 
Cdl2  1096 
CdsN^  1100 
Ca(NH2)2  1100 
Cd{OH)i  1097 
Cd(OH)Cl  1094 
CdP2  1101 
CdP4  1101 
CdsPa  1101 
CdS  1098 
Cd(SCN)2  1106 
CdS«  1099 


CaCKj  946 
CaCOa  931 
CaClj  930 
Ca(Ci04)a  3^0 
Ca{Cl04)3‘4HaP  320 
CaFs  233 
CaGa  948 
CaHs  929 
Cal2  930 
CB3N2  940 
CaO  931 
CaO^  986 
Ca02-SK20  936 
Ca{OB>2  934 
Cb3P2  942 
Caio(P04)6tOH)3  545 
Ca2Pb04  760 
CaS  938 

CaSe  939  : ^ 

CaSa04  939 


Cd2Si04  1107 
C6P3  247 
G6F4  24? 

CeOa  1132 
GajOs  1151 
CeS  U5S 
Clj  272 
(CiBNH>3  779 
CICN  662 
GIF  153 
CIF3  ISS  ‘ 
Cls-OHjO  27^4 
CiNa  476 
CiNOa  326 
aN(5Q3K)2  508 
C102  301 
Cl^  299 
Clabs  303 

(jlOiF  16? 


■* 


' .K'/; 


|rQRMUl>  INDEX 


^ wt.  I;  H ^ 

cn^  iM 

cao^F  »7 

tcjs^iHOi  m 

c*  isia 

CftMiO*  IS25 
c*Bti  isir 
C*»24HiO  1517 
CojC  1531 
|Ci>(CO>,l4  1746 
(Co(C0)4]}  1746 
Co(CO)4H  1753 
C«Cl2  »7,  1515 
(C««a3]Brj  1538 
tCfr  e*j]Br3-2H20 
1539 

|C&  4R3]Bfj>3H30 
1538 

CoFa  367 
C0F3  368 
Cola  1518 
Cola-6HaO  1S18 
CoN  1529 
CoaN  1529 
Coflffiala  1526 
[Ctt(NH3)^C03]2S04- 
>3HaO  1535 
[CofHHalAlCLa  1516 
[CoOtHslelCIa  1531 
(C«{NH3)5£1)CL2 
1532 

[CotHHsl^alCia  1536 

•HHaP  1536 
iCoPfflal^aalci. 

■HaO  1537 
{C«*NH3)s(HaO)l2 
tC204)3‘«li0  1532 

(C«{NH  3)40130)212 

f$04)3'3H^  1537 
ftWNIt9hllN03b  1526 

ISM 

lCi^WI,»5<02)Co^» 

(Mij)>ltS04>3^4B- 

1H» 


MJOr  Vol.  a 

lCd(Nfl3)s0N0lCl2  1535 
Co(N0)2Bf  1761 
Co(NO)CCO)3  1761 
Co(NO)iCl  1761 
Co(NO)jI  1761 
[Co(NOj)6JNaa  1541 
ICdtNOlatSaOalaJKj 
1766 

CoO  1514,  1519 
C03O4  1520 
CotOHjj  1521 
CdO(OH)  1520 
CaP  1530 
C0P3  1530 
CojP  1530 
CoS  15^ 

CoSa  1523 
C03S4  1523 
CogSg  1523 
C0SO2.3H2O  393 
Co3tS04)a-ieH20  1524 
Cr  1334 
CtBra  1340 
CtBrj  1341 
CKC^He)^  1397 
Cr(Ci2Hi(])2  1397 
tCrtCijHio){C6H6)]I 
1398 

Crj(CH3C0O)4-2H2O 

1368 

tCKC6H6>2]I  1395 
(CrtCjaHiolaJl  1396 
[CKCeHsNOsl  1363 
CKCsH70s)3  1383 
CriCiHsOCSjJa  1383 
CKCOlfi  1741 
CrC204‘2H20  1370 
Ci{CO)3Py3  1749 
Ci{C0)4Py2  1749 
C1CI3  1336 
CiCla  133$ 

iCrClaCCaHsOHla]  1380 
[CiClonalCt  1357 
tCrClj  cDalCl-HaO  1356 
ICfClaCNHa)^]  1381 
[CiCKNHalsiGla  1352 


[CrCiaCOHalal  1380 
(CrCl<0H2)5lCl2-H2O 
1350 

[CrCl2tOH2){NH3)3lCl 

1358 

[CfClaPya]  1381 
[CKBipylal  1363 
[Cr(Dipy)g]C104  1362 
[Cr{Dipy)3](Cl04J2 
1361 

[Cr  caalCla-a.SHjO 
1354 

[Cr  en3)(SCN)a-H20 
1354 

[Cr  eo3l2(S04)3  1354 
CfFa  256 
CrFg  258 
C7F.3H2O  2S8 
CfF4  258 
Cria  1341 
Crla  1344 
CrN  1347 

CKNH^CHaCOOla  1382 
[CrtNHajalQs  1351 
tCKNH3)6l(N03)3  1351 
lCrCNH3)s(OH)Cr(NHa)s 
CI5  1359 

ICr<NH3)s(OH)Cr{NH3)4 
(0Ha)]Cl5  1360 
tCr{0CN2H4}6lCl3.3H20 

1359 

CrOaCla  1384 
Ci02{CJ04)j  1387 
CtOjFa  258 
CrtOHla-nHaO  1345 
[Cr<OHa}63{CH3COO)3 
1371 

tCf3(OH)2(CH3COO)6] 
(CH3C00)-nil20  1371 
[Cf3(OH)2{CHjCOO)6] 
Cl*8HjO  1371 
[Cr<OH2)e]Cl3  1348 
tCKOHlelNoa  1688 
CrOatNOala  1386 
Cr03.2Py  1385 
CrP04  1364 


FORMULA  INDEX 


pp  1-992:  VoL  I;  pp  tOOS-'lBlO:  Vo:.  2 

■ '■■■'  ' 

CrS  1346 

C11F2  238 

EoO  11S6  ' , 4 

CrjS^  1346 

CuF2.SH20-5HF  238 

EnS  115S  V if 

lCrlSCN)4lCeHsNH2)2] 

CuH  1004 

E«S04  1137  ' 

NH4.IMK2O  1378 

Ca2Hgl4  1110 

EoSo  1155 

(Cr(SCN)jen2]SCN  13S7 
CrS04.5H20  136S 

Cul  1007 
CuCNsla  1022 

EuTe  U5S 

Cs  9S8 

CujN  1021 

CsAI(S04)3‘12H20  956 

(Cii(NH3)4}SOvH20 

F ■ - ■ 

CsBrCl^  294 

1021 

. ^ . 

CsC»  635 

CiiO  1012 

Fa  143 

CsC24  635 

CuaO  ion 

F2O  163 

CaCjg  636 

Cu(0H)2  1013 

FaOa  162  • - 

CeC4s  636 

[C«(0H)4]Na2  1684 

FSO2NO  186 

CS2CO3  9Bf7 

CuP^  1024 

Fe  1490 

CaCl  9S1,  955 

CujP  1023 

FcBt2  1493 

Ca2Cr04  1389 

CU2P4O12  SS3 

FeBrj  1494 

CsaCtaOv  1389 

CuS  1017 

F«aC  1503,1792 

CsGe  989 

CujS  1016 

[FeafCHjCOOWOHli] . 

CsH  971 

CU2SO4  1020 

CH^COO'HjO  1S08  ; 

CsIBtj  297 

Cu2S«  1019 

[Fe(CN)s(COl]Nb3  1269 

CslCla  296 

CaMn(S04)2l2H20  1468 
CsNs  476 

Cc2Te  1019 

[Fa(cWstrai!N«2<«20  ■ 

1512 

tFe(CN)sNH3lNa3.3HjO.  ! 

Cs(NH3)2Ci2  637 
CeOs  981 

D 

1511  ■ ■ i 

lFe(CN)sCN0>]N*2-2B20 

Cs20  974 

Da  121 

1768  > , 

CsOH  983 

DBr  131 

[Fa(CN)s(OH>2lN«3 

CsjSs  369 

DCl  129 

1769 

Cs2S3  369 

DF  127 

[Fc{CO>4l3  1745  / 

£92^5  369 

DH  126 

Fe(CO)5  1743  ' 

CsjSs  369 

DI  133 

Fej(CO)9  1744 

CasSeCle  425 

Q2O  119 

FaCCO)4Bra  1751  - 

CaSi  989 

DsPOj  132 

Fa(CO)4Ct2  ITSpi 

2Cs  2O ' SiO  2*  I2M0O  3' 

D3PO4  138 

F«(C0)4Ka  1752: 
F«(C0)4Hg  1755- 

1730 

DaS  134 

CaaTeCJs  444 

D2$04  135 

Fe(CO)4la  1781 

CajCTI^Cts)  874 
Cu  lOOa,  1683 
CuSr  1006 
CuBr^  ID09 
CuaCj-H^O  1026 
CiiCO3'Cu(0H)2  1024 
2CuC03*Cu(OH)z  1025 
CuCl  lOOS 
CuClj  1008 

CuCl2-C«tOWi  1010 


EttBf;2  1149 
EaCOi  .11^7 

EuCla  lisp  ' 

£ttCl2'2H20'  U?6 
EttFj  m '^T,  .. 
Eula  1150  ' V , 


FeCla  1491  kjl 

FeCls  1492  . 

[Fe  cit|][Fni^^Q!9^ 

1755 

F«F2  366 
FaFa  266- 
1496 
F«|(  1502 
15011 


>-  P-* 

■!>W'  -'f  i 


INDtX 


CtNOjli  856 

G«aO  8^9 

G«aOj  848 


F^4NO^(CO>i  1788 
ir«C40hS<:M  7768 

\7*» 

(FtCmAjS^jK-HjiO 

)766 

CMNOljSjOJN*  1766 
F<0  1497 
1661 
F*304  149$ 
r«oa  1301 
F«(0N>2  I4W 
[Fe(0in4](Nai  1686 

(Fe(0«)rlN«4>2H20 

1689 

[F«(OU)alN4$-^^0 

1690 

FfOiOH)  1499 
aFejO3.4SO3*9H20 
1507 

IFtPysItFMtCOlis] 

173 

feS  1502 

CFetSCNlglNaa-iaHiP 

1511 

F«^3<S04)3(OH1s-2H2P 

1507 


Co  837 
C^B  857 
CaBt]  846 
CoBrj  845 
MClIj)^  840 
UCH3)3.N(C3Hs)3  841 
CsD^  846 
M3 

839 

C^F,  227 
MO 

€*)^^CH3i4  840 

Cdt  Otf 
Crff  «S» 

4®6 


C«{0a}j  847 
GaOtOHl  847 
GftP  857 
GnS  851 
GajS  862 
CbjSj  850 
GoSb  85? 

GsSe  854 
CaaSe  854 
GajSej  854 
GaTe  855 
Ga2'l'c3  85S 
Ge  712 
G«Bi4  718 
CelCHjCOOa  726 
GeCHjIj  722 
GeClj  716 
CtCU  707,715 
GcF4  21S 
Cetf4  713 
GejHg  713 
GejHg  713 
GeHClj  717,721 
Cell  720 
Gel^  719 
Cs^4  722 
Ge(NH)i  723 
CeaWjH  723 
GeO  711 
CeOa  706 
GetOC  3^5)4  726 
GaS  723,  724 
GeS2  723 


111 

HAlBr4.20(CaHs)2  81 
HAlCU-aOiCzHsla  81 

H3ABO4  601 
H3A*O4'ViH20  601 
601 


HAuCl4*4aaO  1057 

HBF4  221 

H[BF2(OH)a]  784 

KBOa  791 

HBr  282 

HBrOa  31S 

HCN  658.668 

H2CS3  674 

HCl  280 

HCIO  308 

HCIO3  312 

HC104  318 

HsCoCeme  1542 

H3Co{CN)6-5HaO  1543 

H[Ci{SCN)4{NH3)2] 

1377 
KD  126 
HF  145 

H3Fe(CN)e  1510 
H4Fe(CM)6  1509 
BaVCie  1593 

nr  286 

HICI4.4H2O  299 
HIO3  316 
HslOfi  322 
HlOa-ljOs  307 
H3Mo04Ha0  1412 
HN3  472 
HNCO  667,  668 
HNCS  669 
HNO3  491 
HaNaOa  492 
BNb04->,H30  1324 
H2O  117 
HaOj  140 
H3PO3  555 
H3PO3  554 
H3PO4  543 
H4Pa06  558 
tt4Pa0e.2H20  559 
H4P2O7  546 
HPOaCla  53S 
HP0a(NH2>j  S82 
H2P03Pffia  579 
H3PO3S  S68 
H2P1CU  1570 


FORMULA  INDEX 


pp  1^992:  VoL  1;  pp  100$. 

H2plCl6>6H20  1S69 
H2S  344 
HaSa  350 
H2S3  350 
H2S4  353 
HaSii  353 
HaSe  353,  355 
H2S7  353  , 355 
Ha$B  353,  3SS 
H2S,  345 
H2SO5  383 
HaSjOB  389 
HjS^Oj  405 
HzS^Oe  405 
HSOjCl  385 
KSO3F  177 
HSO3NH2  508 
HSbCl6.4.5H20  611 
HjSe  418 
HjSeOs  430 
H2Sc04  432 
HaSiFe  214 
HoShO,  694,699 
HaSijOs  699 
H4Si04  697 
HaSnClfi.eHaO  730 
HTa04.nH20  1324 
HsTe  438 
H2TEO3  449 
HeTeOs  451 
H4T10s  1219 
H(TlCl4)*3H20  872 
HT1{S04)2-4H20  882 
HV(S04)2.4H20  1282 
Ho.sffOa  1423 
H2WO4  1424 
He  82 
Hf  1172 
HfBrz  1204 
HfBi-3  1204 
HfBr4  1203 
HfC  1245 
HfCl4  1203 
HfN  1233 
HfOa  1221 
HfOCla-flHaQ  1213 


-JSW;  vof.  2 
Hg  28 
HgBra  1109 
Hg{C2Hs)2  U18 
Hg(CH3COO>3  1120 
Hg2(CH3COO)a  1120 
Hg(CN)2  1121 
HgCOa  243 
HgCl2-4HgO  1106 
HgC]a-2NH3  1114 
HgF2  244 
HgaFa  243 
Hg2(MH)Br2  1115 
H^HaCl  1114 

[HgtNsial,  me 

1117 

HgO  299 
HgS  nil 
Hg(SCN)2  1123 
Hg2(SCN)a  1122 
HgSe  1113 
HgSeF4  IBO 


I 

I2  277 
IBr  291 

[I(C5H5N>2]C104  327 
ICN  666 
ICl  290 
ICI2  292 
[(□104)3  330 
IF5  159 
IF7  160 
ia03)3  331 
KNOala  3» 

1204  333 

1205  307 
T4O9  331 
laOs-HIOa  307 
l207.l2M<i03-eq  1738 
aO>2SO4-H20  342 
tlPjr,]C104  328 
dPjraJF  328 
llPy*]N03  328 
13(504)3  329 


In  857 
IhAb  867 
leBr  862 
laBra  861 
laBia  859 
InCl  862 
laCla  661 
InClj  858 
Inp3  228 
!nl  862 
Inla  861 
Ida  860 
IdN  866 
InaO  863 
I112O3  863 
ln(OH>3  862 
leP  867 
Io5  864 
Id  26  864 
InaSa  864 
laSb  667 
InSe  865 
865 
065 

(naTe  865 
inzTej  865 
Ir  1590 
IfOIs  1592 
lrF4  271 
IrF«  270 
I1O2  1590 
Ii02*2HaP  1591 
IraOs-xHaO  1592 


K 

K 958 

K2[Aia0(0H)6l  1693 
K3AS  986  ,, 

KAsHa  595  . > 

KlAu(Cma]  1065 
KAuCl4-wHiO  JOS8  ; , 4 . 

KA«02*3Hj0  106|  ^ 'j 

KBF4  223  ■:  . i 

KBFaOH  223 


rORMOLA  INDEX 


^ v*f.  MW  JOM-1910:  Vol,  i 

m 

Kt3<H20  294 


WUF*  m 
nrfMttjO  311 
iCs  «3S 
CCm  «3S 
CC3(  635 
EC43  «3S 
KiCO)  M7 
RiC4tCS)4  1106 
KJ[WCNlel  1541 
I:^F7  369 
K^UCNlfr)  1373 
K3lCriC204)3l-3H20 
1372 

CjCiFt  369 
K3OOB  1391 
ElCrf)^!]  1390 
qfUOjF]  1390 
K3(CriSCN>«].4H20 
1374 

K[CrfSCN)*PyaJ-2H20 

1379 

KjCaFe  269 
KCvOj  1014 
KF  236 
KF  KF  237 
KjFcFe  369 
KaF«04  1S04 
KF^j  ISO? 

KCe  989 
KtCcFs  216 
m 971 
KBFj  146 
Ktlfa0b.2H]0  1414 
1706 

t«^H2  579 
XaHe(CK)4  1122 
MIO 

K#^S004  U24 
1993 

K>CI»4«30  1995 

S 2W 

IBrj  3M6 

MKit  ais 

UCI4  m 


ia04  325 
KjMa(CN)6  1474 
KsMnlCtflfr  1472 
K4Mn(CN}fl-3H20  1473 

K3tMd(Ci04}a].3H20 

1470 

K2Wn{CaO4)2(0H)2l. 

.2H2O  1471 
KaMuCIj  1464 
KaMnCle  1464 
KjMnPe  264,269 
K2Mn04  1461 
K4(Me(CN)B].2H20 
1416 

KaMoCle  1405 
ICNj  476 
Kt^2  1044 
K(NH3)aCia  636 
K3«N0)jCq(Si03)2] 
1766 

KCfNCj^FeSjOjl-HjO 

1766 

Kj[{NO)Mn(CN)sl 

1767 

M(NO)Mfl{CN)s).H20 

1766 

K3t(N0)Nl(S203)2] 

1766 

KaNbFy  255 
KjNbOa  1325 
EaNJjOs-HHjO  1325 
Kst^bgOtg-aq]  1706 
K2fNi(ClS[)4].H20  15S9 
KiNiFe  269 
KO2  981 
fcaO  974 

SK^O-  As  aOj  ■24Mo03>  aq 

1734 

KaO-SCKla  1709 
KjO-4CiOi  1710 
3K1O.P2Os-l8MoO3.aq 
1733 

UKjp.a^20s.24Vi05. 
-aq  1740 


3K20.p20s'21ff03'aq 

1722 

3K  2O- P lOs- 24WO  3 ■ a q 

1721 

7K20‘P20s-22ff03-aq 

1722 

2K2O.SiO3-i2WO3.9q 

1718 

7K2O.2SiO3-20WO3.aq 

1719 

K20*3Va0s  1704 
K20s04‘2H20  1604 
K{0s03N)  1605 
KPFs  196 
K3PO4.3H2O  545 
K4Pa0a  562 
KiPbCle  753 
KPH3  754 
KPH3.2H2O  754 
K2^’<3Cl4  1584 
KjPdCIt  1584 
K2Pt(Cr^)4*3H20  1576 
KaPtCU  1572 
KaPiCte  1571 
K2Pt(0H)fi.xH2O  1575 
KaRaCU  1478 
K3tRhCls(H20]  1588 
KsRhCta-HsO  1588 
KR«04  1600 
K2RBO4H2O  1600 
KaS  360 
K2S2  363 
K2S3  364 
K1S4  366 
KjSs  367 
KiSe  368 
KSCN  739 
KiSaOa  392 
KjSaOe  398 
K2S3O10  1714 
KaS40s  399 
K2SSO6  I14H2O  401 
KaS^Os  403 
KSOaF  178 
EaS03-^0)2  504 
K3SI1  9B6,  1791 


pp  I— Voi,  i;  ^ip  iOOS- 

KSbCl^-HaO  612 
KsSe  421 
KjSeCie  425 
fCSi  m 
KjSpCIe  731 
KaTaFy  256 
KaTaOa  1325 
KaTaOa^WHaO  1326 
KaTe  441 
KaTeCle  444 
K2(TlCl5H20)H30 
874 

K3tTlCl6).2H20  873 
K4(U(C204)4].5HzO 
1450 

K3UO4  1445 
KaVPft  269 
K3V{SCN)s  1291 
KV(S04)3  1283 
K3[W(CN)e].H20  1430 
K4[mCK)8]-2H20 
1429 

KaffaClg  1427 
K3Zh(CN)4  1088 


L 


UFj  246 
L&2S3  1153 
L&2Se3  1154 
U2SG4  11S4 
Li  956 
L13AI  830 
LijAlAs^  831 
LiAHCN)4  833 
LiAlH4  680,805 
LiaAlNa  828 
Li3A]P2  830 
LigAs  935 
L1BH4  776 

LiBH4.0(C2Hs)2  775 

LigBi  985 
U2C2  987 
l-i2C03  9S0,  987 


POHMULA  iNb^ 
Voi.  2 

LiaCKCeHsle- 
■^(CaHslaO  137S 
LiF  23S 
LiPeOa  1504 
LiGaH4  842 
LiH  971,805 
LiNj  475 
LiaN  964 
LiNHj  463 
LiaNH  464 
LilNHjljCia  636 
LijO 

U2O2  975,  979 
LtOH  983 
LiDH’HaO  983 
LijP  985 
LiaSb  985 
UjSi  991 
Li^Si  991 
LijSiOs  705 
LiUOj  1445 
L12UO4  1445 
LnBrj  1146 
Ln(CsHs)3  1159 
LnClj  1146 
Ula  1149 
LnN  11S7 
LiiCNOj)^  1158 
Lh(0U}3  1152 
LnS  1155 

LnatSO^a-cHaO  1156 
LnSe  U55 
LaTe  1155 
LqXa  1150 


M 


Mg  903 
MgsAsa  917 
MgBra  909 
MgC:i  920 
Mg2^3  ®20 
MgCla  90S 
M^la-OHaO  906 


MgCl2^HH4Cl‘6»jO  ■ 
906 

Mg(Cl04)2  320  ' 

Mg(C104)2-6Ha0  820 

MgFa  232 

MgaCe  922 

Mjjia  905 

Mgis  910 

lWg(Nj)j  917 

MgaNa  916 

MgO  9U 

Mg(OD>2  137 
MglOIDa  912 

[MglOH}4]Na2 
MgjPj  917 
MgS  913 
MgjStj  606 

Mg$«  915 
MgaSt  921 
%Te  915 
Mo  1454 

Wo(CH3COO)3  14W 
Ma{CK3COO)3-2HaO 
1469 

!Mn(CN)s(NO)]K3  1767 
MnFj  262 
M1.F3  263 


MR4K  1468 

Mn3[(NO)Ma{Crf>sl2  ’ 
1768  v" 

MnO  1455  ; 

M11O2  1458  : 

MajOs  1457  f 

MdaO?  1459  ;;r:  . 

Mn(OR)2  1456  1 ' 

MflO(OH)  1457  .iM: 

MflS  1465 

Mn2tS04)s  1467:  >,  ^ 

Mo  1401  .. 


MoBrj  1407  Jif*. 
WoBfgPyal  1408 
«o(C£H6}j  1401 

1766  ■ " 

Mo(GO)fi  lUh  ■ ^ 

*fo03  1404  •• 


formula  IMOKX 


MM  Viti,  t:  IP  iOOi-lStOi  ViJ.  i 


MiCts  I4K 
HtFe 

«*Oi  14» 

■•O3  UU 
HktOii 

W«0asKNU4)2  1413 
1711 

»iM>3>3(rm4)20-P20s- 

1730 

IIb«Oio(OH)2  1411 
H»50j(OU),o  1411 
iMHr2»(pn]3>4]  1414 
IfcSi  1415 
li»S4n<H4>2  1416 
NoSi]  1792,  1796 


nH4[Cf(SCN)4(NH3)3]- 
-H2O  1376 
NH4F  183 
NH4F-HF  183 
(NH4)4Fe(CN)e  1509 
(NH4)3CaFe  228 
NH4Ga(S04)i-12Hj0 
854 

NH4BPO3NH1  584,  588 
(NH4)zHP03S  584 
NH4HS  857 
(NH4)3lnFs  229 
{NH4)ilrCl6  1594 
NH4I  289 

(NH4)2{IVloOCl5]  1413 
(NH4)2MoS4  1416 
NH2N02  496 
NH4[(N0)7re4S3).H20 
1764 


N 

Nz  457 
SjBr  477 

480 

!*Cl3  479 
NjCl  476 
0(0)3(50)3  412 
NCKSOjK):  508 
ND3  137 
HF3  181 
IWj  460 
“«H3  461 
Ni«4  469 
M2li4*ll20  469 
IQMIF4  227 
OnJsAlFe  226 

602 

(NH4)3AaS4  604 
OOfliBeF^  282 

WjBr  480 
mi4bC$3  674 

m^a  477 

■UODi  sta 

IMS 

mt 


3(NH4)20-Aa20s-24W03- 

I72S 

3(NH4)20.Cr203  l2Me03 
■ aq  1737 
NHjOH  SOI 
(NB3QEl)3Aa04  5QI 
(NB30H)2C204  SOI 
(KHjOHlCl  495 
(NHj0a)HS04  499 
(NHj0H)3P04  SOO 
S(riH4)20l2Mo03aii 
1711 

3(NH4}20.p20s-24Mo03. 

•aq  1730 
S(NH4)20-2p2O5. 

• 24V20s*aq  1740 
3{NH4)i0.P205.l8W03. 
*aq  1723 

3(NK4)20.P20s.24ff03. 
-«q  1721 

5(NK4)  jP>  1 2W03-8  q 

1713 

NHjOSOaH  sn 
(NH4)j0bC>s  1603 
NH*PF6  19S 
(NH4P03)»  580 
NH4PO2F1  196 


{KH4)2P205(NH2)2  588 
(NH4)2PbCl6  7S1 
(NH4)2P5Cl4  1584 
(NH4)2PdCl6  1SS6 
(NH4)2PtCl6  1570 
MH4ne04  1484 
(NH4)2lfibCls(H20)J 
15BS 

(NH4)3RftCl6-H20  1588 
(NH4)j[[lh(N02l6l  1S86 
CNH4)jRuCl6  1S99 
(NH4)2S5  369 
NH3SO4  510 
(NH4)2S208  390 
flaHfiS04  468 
NH2S03H  508 
NH(S0jK}2  506 
NH2SO3K  507 
N2H2(S03K)2  504,  S09 
N3H3(S03NH4)2  509 
NjHjCSOzPyla  510 
(NH4)2SbBr6  615 
(NH4)2SeClfi  425 
(NH4)2SaCl6  731 
(NH4)2TeC)6  444 
(NH4)2TiCl6  1199 
(NH4)4[U0j(C03)3J 
1449 

NH4VO3  1272 
NH4V(S04)2  1283 
NH4V(S04>j-12H20 
1284 

tNH4)2ZaCl4  1072 
(NH4)3Zn(S04)r«fi20 
1077 

NHgaBr  1117 

NHgaOH-itHsO  ni6 

Wla-NHs  481 
no  485 
NOa  488 
NjO  484 
N2O3  487 
N2O4  486 
NaOj  489 
NOBF4  224 
NOBF4-KaO  224 


FORMULA  INDEX 


np  VaJ.  J;pp  lOOB-lglQ:  Vai, 


NOjCBP+l  187 
NaOs-BFa  1S7 
NOB(  513 
NOCi  511 
NOjC!  SB 
N0C104  320 
N02CI04  321 
NOF  104 
NO^F  186 
NO3F  187 

[(NO'JjFcSCaHsls  1765 
(N0)HS04  406 
NOHlSOjKla  503 
PfOjNHi  497 
NOjMHCOOK  497 
NOSO2F  186 
NOlSOsKlj  504 
NOiSbCle)  612 
NOjlSbClg)  612 
N2{S03K)2  510 
N(S03K)3-2H20  S06 
Na  958 

N(i3Ag02  1039 
NaAlCl4  816 
N94[AKOH)7].3H20  1692 
Na4[Al403(OH)io]  1693 
Naft[A  1^04(011)  15]  1693 
NajAa  966,  1791,  1793 
NaAsEl2  ^6 

Na3Aa02S2-llH20  605 
Nfl3Aa03S-12H20  605 
Na3AsS4>SH20  604 
Na^Au  1793 
NatB(C6Hs)4]  803 
NaBF4  222 
NbBH4  776 
NaBH4-2H30  777 
NaBOa  791,  793 
NaB02‘«K20  791 
NaBOj-THaO  791 
NBBO2.4H2O  791 
N«B02*H202  3K30  796 
Na603.4H20  795 
NaBs08.5H20  795 
Na2B407  794 
N»aB407.2H20  794 


Na2B407.4HjO  794 
Na2B40rSH20  793 
NB2B4O2.I0H2O  793 
NasBOa  790 
Na,Ba03  895 
NasSi  986,  1793 
NaBiOs  627 
NaBiCl3-nH20  628 
NbBiO.SHjO  310 
NftsCi  987 
Nft2C03  988 
Na3[tC0)Fa(CN}s]  1769 
NaClO  309 
NbQO-^^  309 
NaCl02.3H20  312 
Na3[Co(N02)6l  1541 
NaaECrCOH)*]  1688 
NaCrS2  1394 
Na2[Cu(OH)4]  1684 
NbF  235 

Na2[Fa(CN)sNH3]-H20 

1512 

Naj[FetCN3sNH3]‘3H20 

1511 

Nb2[F«(OH)4]  1686 
Na3[Fe(OH2)(CN)sl  1770 
Na4[F«(OH)7].2H20 

1689 

Na5[Fe{0H)83.SR20 

1690 

Na3Fa(SCN)6'12H20 

1511 

NaGa  989 
NaGaHj  714 
NajGaH^  714 
NaH  971 

NaH2As04*H20  602 
Na3H2As30io  1709 
NaKB{OCH3>3  777 
N«3H2l06  323 
NaytHKhsOwaii]  1706 
Na3HPa07  548 
NaH3P04*2H20  544 
Na2H2P206-6BiO  560 
KaHS  357 
NaHSa  419 


Na2R4T«06  453 
Na2R4TeOd’3H^  454 
NalO^  323 
NaI04  323,  324 
Nal04.3H20  824 
»a2(Me(OH}4]  1683 
Na3MB04.^aOH-lSH^ 

1460 

NaNj  474 
Na>%  466 
NaNH2  465 
466 

NalNHj^aGia  656 
N»ND  514 
NasNOa  515 
NaaNaOj  517 
NaaNa02-9H20  495 

t1a3[<M0)Fe{CN)s3-2H20 

1768 

Na[(NO)2FaS]-^20 

1763 

Na[(KO>jFeS203l  1766 
Nag[Nb60i9‘aql  1706  . 

Na02  980 
NaaO  974 
NaaOa  979 
NajO' AaaOs'^oOj't 
1736 

3Nh20>  IHMqOs* 

■*q  1785  , : 

SNa20-B203.24ff03^iaq;..^  ' 

1717  , r 

NaOD  121  - , 

5Na20<l207‘12MoCl3<iiEij,  't 
1736  ^ 

Na20-4Ko03’aq  171?!,  . 

SRaaO-  l^a03*aq:  17111,’!' 
10Na2O-PaOs'24Vji^*^^,  ■ ‘ 
1739  ■■ 

3Nb20‘P205*24J[Q3*|^P- ^ 

1720 

2Na20‘Si02' " 

1789  . 

Najp. VaGs-aq  37JQ5;  • v ‘ 

2Ka20‘Va[>5*<F 
SRaaP-SVaOaraq. 


POFtMUl>  IMDEX 


1^  l-0k  I:  Rp 

Mv^IMKb'Wl  1737 
SN^IffOy«q  1713 
it«^0aClc»l]O  1602 
906 

iMVi  sao 
N*ni2.1NH3  530 
Thin  5W 

(NJOsV.  W9 
CltfOiV  550 
CiRpOj), 

N*3Pj09-6H2P  552 
N^PlOtaOHjO  561 
^mP40i2'oNP  553 
NasPjOio  547 
N*5P30iii'-6H2^  547 
N*«P40i3  54A 
(N*jP03>5N  590 
NcjPOaNHj  5B8 
N«3P03NH3<6H30  561 
!V«4p20fiNH  569 
Nm+PjO^NH-lOHjO  569 
NajPOSvUHiQ  571 
Na3P02S2-lUl20  570 
Iia3p03S-L2H2Q  569 
NaPOSfNHjlj  569 
Sa3PS4'6Hj^  572 
N>isPb4  1793 
N«2l^3  738 
Ti«4pU>4  759 
NpJPUOH)6l  1694 
Vm^acit  1564 
NajPtCU  1571 
Na^l6-6B20  1571 
NaiPttOmfi'xH^D  1S7S 
Na2Be03  1463 
!ifa3ilbCle-12H20  ISB? 
NaiS  3Se 
Hii3S3  36l 
S«2S4  365 
Jbih  367 
fl^5^4’2HiO  393 
na^30c  '»aO  39S 
Tl»^  996, 1793 
619 

Ni^  4X1 

493 


■ISlik  Vot.  » 

N«jS403-SH20  431 
Na2S«04  433 
NajS4S40f3H20  434 
NaSi  959 
Na2Si03  704 
Na2Si03‘9H2O  704 
NajSiiOa  704 
NaisSa4  1793 
Na4Sn04  739 
Na(Sn{0H>3]  1667 
Na2fSn(0H)6]  1694 
NajSnSs-aHjO  742 
Na4SnS4.1BH2Cl  743 
Na7[Ta50i6*9q]  1708 
Naft[Tag0i9-aq]  1708 
Na2Te  441 
Na2T«2  442 
Na2Te03  449 
Na2Te04  449,  453 
NaeTeOfi  453 
Na2TcS40(i-2H20  454 
NaUOs  1445 
NaZni3  1793 
NalZalOMlj]  1681 
Na2[Za(0H)4]  1662 
Nl)Br3  1309 
NtBra  1309 
NhBra  1311 
NbC  1333 
NbCl2  1296 
HbClj  1297 
NbCf4  1299 
NbCl;  1302 
NbF;  254 
Nbll  1296 
Nbl2  1314 
Nbij  1314 
Nbl4  1314 
Nblj  1315 
Nb_N  1338 
KbO  1317 
Nb02  1318 
NbjOs  1318 
NbOBra  1313 
NbOClj  1307 
(Nb«0]9-aq^at  17Q5 


NbP  1330 

NbP2 

Nb-S  1327 
NbSia  1792,1797 
Ne  82 
Ni  1543 
NiBrj  1545 
NiBT2-6H20  1546 
NijC  1656 
WiCOj  1557 
N1CO3.6H2O  1556 
NKC0)4  1747 
Nl(CO)2Ci2HaN2  1750 
^fjCl2  1544 
NiF2  269 
Nils  1547 
Nii2.6H20  1547 
N13N  1555 
NisNa  1555 
NKNJIah  1554 
[Ni(NH3)6]Cl2  1545 
[NitNOltSjOaljlKa  1766 
NiO  1548 
NK0H)2  1549 
[NKOm^lSrj  1686 
NiO(OH)  1549 
Nia02(OHU  1551 
NiS  1551 
NiSj  1554 
NltSCNla  1568 
NiS2(C6Hs-CSS)2Ni(SSC- 
-CeHsls  1558 


0 


02  334 

03  337 
OF2  163 
Oafa  162 

[OStNlClla  412 
Oa  1601 
OaCt4  1601 
OaOa  1603 
0«04  1604 


FORMULA  JNPEX 


pp  J-992:  Val.  1;  pp  lOOS^iaHJ;  VoJ.  Z 


P 


P 518 
PCJjF  191 
PCI3F3  192 
FCI4PF6  193 
PF3  179,  189 
PF5  190,  194 
PH3  525 
P2H4  525 
Pfl4l  531 
PI3  540 
P2I4  539 
P3N5  574 
(PKBra)n  57fl 
{PNCijln  575 
tPNFala  194 
(f^F2)4  194 
P2OS  541,825 
POBra  534 
P2O3CI4  536 
P404Ctjo  536 
POCUOCeHs)2  579 
P0CJ2(0C6H5)  582 
POFj  179.  193 
P0(NHs)3  534 
P203(NH2)4  588 
fP0(NH)NHa]„  S88 
tPO(NH2)3]NB  S87 
(PO(NH2)2NHl2PONH2 

587 

PONH2tOC6Hsl2  SV7 

POtNHaljtCfCfiHs)  582 
PiOs-lSMoOs-aq  1732 
P20s'24ft4o03*Hq  1731 
PiPs-iaffOa-nq  1724 
P20s-24W03-sq  1720 
P 2^5  567 
P2Ss-7NH3  574 
P4S3  653 
P4SS  565 
P4S7  566 
P4S10  567 
PSBrj  S35 
PSBr3-H20  536 
PSCI3  532 


PSiNHjla  587 
P4SC3  573 
Pb  748 
PWCR^),  763 
Fb(CiHs)4  765 

PbCCHaCOOU  767 
PbCOs  766 
2Pl>C03.Pb(OH)2  767 
PbCU  750 
PbFj  218 
PbF4  219 
PMNsli  763 
PbOa  757,  1668 
PbsO^  755 
iPbtOHlsJNaa  1694 
PbjPaOs  558 
PbS  760 
PKSCNIa  769 
PIi(S04)2  761 
PbSiOj  705 
Pd  1580 


-'■■■■  V-o 

63s  '>  iti 

BMlat  635  ■ - ; 

63$ 

ftbaCOa  987  . 

RhCl  9S1  . : 

Rb2Ci04  1386 
Pb2Ci^07  1388  >.* 

RbCe  989  , : 

SbH  971 
HI11N3  476 
Rb(NH3)2Ci2  637 
RbOa  981 
HliaO  974 
HbOH  983 

2Rb  jO- SiO  2*  12Mo03>  Aq 
mo 

Hb2S2  369 
Rb2S^  369 

RbaSj  369  \ f 

HbaSeCl^  425  ' - ■ ' 

RbSl  989  ' % r 


[PdBraCNHaJa]  1585 
PdCla  1582 
[PdCl2(NH3)a]  1585 
[PdCi4|Nfi2  1584 
PdQ  1583 
P1O2  1151 
Pt  1560 
PtClj  1568 
PtCl3  1567 
PtCl4  1567 

[PtClatHHahl  1578 
[Pta63Na2  1571 
fPt(NH3)4]Cl2*H^  1577 
lPt{NK3)4l[PiClV 
[Pt{N02)2(NH3)2l  1579 
PtO  1573 
PtOa-xHaO  1574 
[Pt(0H)6]Na2-*H«0  15'^^ 
PtS  1575 
P1S2  1576 


Rb  958 
RbCs  685 


JV* 


HbiTeCie  444 
Rb(TlBf4)-HsO  876 
RbaCTlBrel-KHaO- 876 
Re  1476 

ReClj  1476  - 

ReCls  147?  i !r.< 

RcFe  264  . V’  ; 

ReOa  1480 
ReOs  1481 
Re207  1482.  . 

ReOCU  1479  - ^ 

ReOaCl  1480  - ■ ? ' ■ 

ReSa  I486  -v.  v; 

ReaSy  1487  ■;  .V 

Rb  1585  -- 

RhCla  mi 

mhCKNHalslClaJassSita 

tRhCl(NH3)s](ff03l^%i'^ 

1590  .‘i: 

[RliCls(H2C»]0SH4Jif. 

1588  ■-• 

[RhCl6l(NH4i3-fia!0;;  ’-h*  Ja 
1686 

[BtfileJKayl^aO 


rORMULA  (NOW 


1;  f#  i 


IMk«  ISM 

tSM 

158» 

lt»  IMS 
iMCta  )9»? 
tuCls^fi  1S97 
IhOi  1599 
iwO.  1599 
IMOH)CI)  1597 


S 

$ U1 
SaBfj  377 
$38^  3“9 

s^Bn  379 
SsBra  379 
S«Br3  379 
876^  379 
SkBis  376 
(SCN)]  671 
Sa^  370 
SCI4  376 
SjClj  371 
^Ij  373 

372.375 
S5CI}  372,375 
5^2  372,375 
SjQs  37S;3?6 
5^2  372,376 
5F«  168 
SF«  m 

S2N2  409 
S«N2  408 
5^4  «6 
5«0ffiD4  411 
&7MI  411 

413 

414 

SO  379 
e»H~4>.  382 

sm 

Hh  m 

wmt  4i7 

m 


SOCl]  3S2 
S02Cti  383 
SjOjClj  386 
SOCIF  174 
SOjCtF  175 
SOFj  170,  179 
SOF4  171 

SO^Fj  173 
SaO^Fj  174 
(SOjNJjAga-SHjO  463 
50NH  460 
(SOiNHb  463 
S0j(NH2)3  482 
SOj(NHAg)j  463 
Sb  606 
SbBr3  613 
SbCl3  606 
SbClj  610 
SbCIs.HzO  610 
SbCls^HjO  510 
SbCljFj  200 
SbFj  199 
SbFs  143,  200 
SbHj  606 
Sbh  614 
Sb^O^  615 
Sbi04  618 
SbjOs  616 
SbjOs'tHjO),  617 
SbOCL  611 
88405012  611 

(Sb0)2S04  619 
S)i2eS04)3  616 
ScFa  245 
Se  415 
SeBr,  427 
426 

S4CI4  423 
S«2Cl2  422 
SeF^  IBO 
S*Ffi  179 
S44N4  435 
SeOj  428 
SeOClj  429 
SrfXOCaHsia  435 
S«SOi  435 


Si  676 
SiBfj  687 
S1BF4  686,  688 
SijBre  688 
Si(CH3COO)4  701 
SICH3C13  69S 
5i(C;H3}2Cl2  694,  695 
SiCl4  680,  682 
SjjClb  680 
SijCia  684 
ShCIio  684 
Si$Cti2  684 
SieCli4  684 
Si^uCljj  684 
SiioCljoHj  685 
Sip4  212 
(SiH)*  681 
(SiHa)^  661 
SH4  679,  680 
Si^Hs  679 
Si^Hs  679 
SiHBrj  692 
StHaBra  694 
SiHClj  691 
SiHaClj  691 
SiHiCl  691 
SiHFa  214 
Sil4  689 
Sials  690 
Si(rf5)4  476 
Si(RCO)4  702 
SiO  696 
SiaOs  700 
Si(OCH3)4  702 
Si(0CaH5)4  702 
Si<OCN)4  702 
SiaOQe  696 
Si^OaCla  696 
5i403Clio  696 
S14O4CIB  695 
Sis04Clii  696 
$i50sCli4  696 
Si^O^CliB  696 
Sr02-12W03.a<j  1718 
SiS  700 
SiSa  700 


1^9S2t  VoL  1{  pp  1003. 

SniSrj  11  SO 
SniCla  1135 
Smij  1149 
Ss  727 
SnBrj  732 
SrtBr4  733 
Sn(CH3)4  744 
Sb<C2Hs)4  746 
Sn(CH3C00)4  747 
SnClj  728 
SnCl4  729 
SnFa  217 
SnF4  217 
Sntj  734 
SbI4  735 
SbO  736 
SnOj  738 
Sr0a.nH20  737 
[Sft(0H)3]Na  1687 
fSii(OmiJNaa  1694 
SnS  739 
SnSj  741 

Si>{S04h‘2H20  744 
Sr  922 
SrBrj  930 
SrCOs  931 
SrCla  930 
Sr<C104)2  320 
Sf{CiO4)2.4H20 
320 

SrFj  234 
SrHa  929 
Srl2  930 
SKNala  941 
SrjNa  940 
Srj[Nl(01l)6]  1686 
SrO  932 
St02  936 
SrOj-AHjO  935 
SriOa>2.8HjO  93S 
SirS  938 
Sifie  939 
StSflOa  939 
S1&O4  939 
StSi  947 
StTs  940 


FORMULA  INDEX 
■1810;  V^cJ,  2 


T 

TaBrj  1311 
TaBrj  1311 
Tb0t4  1310 

TbBts  1311 
TaC  1331 
TaCi4  1301 
T11CI5  1302, 1305 
TaFs  255 
Ta-H  1296 
Tals  1316 
Ta-N  1328 
TajOs  1318 

1706 

[Ta50t9.aq]Nag  1708 
TaP  1330 
TaPa  1330 
Ta-5  1328 
TaSia  1792,  1797 
Te  437 
TaBr4  445 
TeCl4  442 
TaFe  180 
Telj  447 


TtBr4  1201 

TiC  1245  Virr 

TiCia  lies  . !iir 

TiCl3  1187  V 

TiCla-eHaO  ll#7,  n«j''r 

TiCl4  1195  . 

TiFa  246 

T1F4  250 

Ti-H  1184 

TiHj  114 

THj  1185 

Ttia  1187,1192 

Til4  1205  ; 

TiN  1233 

Tt(N03)4  1237 

TiO  1214 

TiOa  1216 

TiOa-aHaO  1218 

TijOa  1214 

TiOCl  1209 

TiOCla  1209  > ' 

TiOCNOsla  1241 
TiOSO*  1228  . f 

TiOS04-2H20  1229  ' > -i 


TeOa  447 
TeOa  450 

TcaOaCOHlNOa  437,447 
TeSOa  455 
Th  1174 
ThBr4  1203 
ThC  1248 
ThCa  1248 
TTiCU  1203 
ThCU-BHaO  1204 
Th~H  1185 
Thl4  1205 
Th3N4  1236 
'ni{N03)4  1240 
Th(N03>4'oH2l>  1238 
nOa  1221 
U3P4  1241 
ThSia  1249,  1792,  1797 
Ti  1161 
TiBra  1185 
TiBrs  U87, 1192i 
TiBrs'OHaO  1187,^1195 
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TIP  1241 
TiSa  1222 
TiS<2  1222,  1224 
TiSs  1222 
Ti2(S04)3  1226 
TiSia  1249 
n 867 
TlBr  869 

TlBr3.4H20  874^; 

TljCOa  S84  ‘ 

TlCl  869  : li  . viiy 

TlCta  870 

TlCis'iHiO  -aTW  .m 

TiF  230. 


.j(  KJJ'J 


TlFa  230 
TH  869 
TlMa  876 
TII3  876 
Tl  ^ 88  3 
TWOs  883 

HiO  877 


nwMuu  •»»«* 


m 

„ I.4VST  VW,  /;  fT  lOOJ-Mift  i 


HjOj'nH^  »79 
TKNt  »T7 

lK0mS04'ZK3D 
Tl2(OOC)jCH2  804 
TWOCH  884 

n^s  m 

TtaS-Tt^s  S80 
TI2SO4  881 
Tt^SA-TlsSts  881 
TIjTvCIa  444 
Tl(TJBl4^  87S 
T|j(TIB/(»  875 
11(71^4)  873 
HimCU)  873 


U 

U 1431 
UBr4  1440 
IJ(Cs04)]-6Hj0  1449 
UClj  1435 
UCI4  1436 
UCJg  1438 
UOj  133 
UP4  361 
UFa  263 
UHj  113,1434 
UO2  1442 
UO]  1442 
UlOCjHjlj  1451 
U(0CiHj)4  1453 
IKljtCigH)  iOj)j  1453 
UOjCJa  1439 
UO4.3H1O  1446 
US}  1446 

U(S04)}.4Ha0  1447 
UtSO^la^BHiO  1447 
U^a  1793 


V 

V lua 
Vbt  Utt 
^ 1M8 


VC  1288 
VaC  1388 
VlCMjCOO)}  1383 
V(C«H6)2  1288 
VCJa  1255 
VCJj  I3S4 
V€t}'4MiO  12S6 
VCI4  13SP 
VFj  253 
VF4  253 
VFf  35.1 
V^ll  1296 
VI]  1361 
VI]  1363 
VM  1286 
V]N  1287 
VO  1268 
VO]  1267 
V]0|  1267 
VjO*  1270 
VaO|j  1266 
V,0]»  I 1267 

VOCI  1363 

VOr:i]  1263 

VOCIj  1264 
VOi('.l  1265 
VCOHl]  1268 
VOSO,  1285 
V0$04-3H]0  1386 
VP<i  1287 
VP  I3T 
VPj  1207 
VS  1274 
VS4  1375 
V,S]  1275 
VjlSO*)]  1213 
V$04>61|]0  1*77 
VSi}  ITM 


1 

« 1417.1631 
IKCQ^  »41 
108 

VCIk  1438  ; 


i]Ct«Prj  i*» 
•f*  260 
■0]  1431 
iO,  1423 
I0]-4<|  1728 
1„04,  1*22 
■(OCftHsle  1*86 
■0a4  1425 
•S]  1425 
■Si,  1793,  J797 


7 

Yf  ] 246 
YblV,  1L5Q 
YbCl,  LL50 
1U]  1150 
Y5S04  1118 


£ 


U 1067 
ZbAa]  1083 
/.»,Aa,  MM,  lOU 
ZaBr,  1073 
ZalCH)(;t10>]  1087 
ZdICjHi),  1014 
ZatCNl,  1087 
ZaCOi  I0S6 
ZaClj  1070 
ZaF]  342 
Z^F*/>4  1080 
ZaH}  1060 

Zij,  tori 

ZaaN]  lOtO 
ZolNHsI}  107* 

1418 

loO  Hi4 
Zn«M>a  l«t4 
bHMKi  mi 
tMOinall*  Htl 

mu 

■otworai  mu 
siwo^uio,^  am 


V«t,  I.  M MM- 
ZajP}  lOSO 
Zaj<PO4)i-Ull0  M«1 
Z«.S  10?  s 
ZaSip4  m 
/biV)]-c:HiOH),  10?* 
lOU 

I07II 

/a.'iiK^  OHjO  lOBO 

/.a  ^04  J<W* 


Ml*  VpI,  J 

2*  \m 

iTBS 

ZiC  124$ 
2fCl4  ISO 
ZrF*  2SI 
2r^H  IIW 
2H«  1206 
hf*  ItU 
hO^  IE« 


bP  tMI 
bPi  mi 
Ma  it» 
Wi  UK 


M*  mbn« 
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l»  I’of,  l;  W>  J003-JSJO.  Vof.  2 

nils  Index  is  arranged  alphabetically  in  terms  of  the 
major  element^  group  or  unit  constituting  the  compound, 
Numerical  prefixes  such  as  monOf  dl,  trip  etc.]  as  well  as 
poly  are  disregarded  for  purposes  of  arrangement  (except 
that,  for  example,  hexaphoaphatea  follow  pentaphosphates). 
The  same  applies  to  ortho,  meta,  para  and  pyro  but  not  to 
per,  sub,  hypo  and  oxo. 

Prefixes  occurrii^  at  the  beginning  of  tbo  first  word  are 
not  underlined.  They  are  underlined  within  the  word  to  help 
distinguish  the  key  roots. 


A 


Ac«tBiE3— 5«e  panai]i  catJon 
Aceiyitoeioaatje,  ajiurdnum  S36 
chromluni  13B3 
Active  meuils  1613 
Active  metAi  oxides  1656 
a^Aninatje^  chramium  13 
AUuU  Aiumlriates  1692 
ALkaU  ammine  ^aphite  compounds 
AJMJJ  graphite  compounds  635 
AlifflU  hydrides  97l 
Alkali  metal  aiitlinQnides  985 
arsenides  983 
Usmuthldes  9S3 
cirUdas  987 
carbonates  937 
germanides  939 
niobeRa  1323 
oxides  974 
^oxides  9B0 
ptaoflphides  935 
fiUlcldoa  939 
tancalARs  1323 
urinates  (V)  1445 
uranaies  (VI)  1445 
AlkaU  tnelals,  £ree  956 
Aliqd  ester  of  silicic  acid  702 
Alim,  aznmffliJiini  gaUinm  (111)  SS4 
ammuimn  vanaOlum  1134 
oMn  956 


cam  QUEtgaiaese  U6B 

vanadfuin  GH)  12M 
paus^on  vanadium  <111}  1234 
T^^dbma  vanadium  (III)  1184 

tJgangnium  tetrBJlunr&_ 
hex^uqro- 

1525 


637 


227 

226 


I Auhydraiu^  1693 


Alumlnace^  sodium  tetrachloro*  316 
monosodium  oxoihydroxco{L)  1693 
oxohydrexo-{ll)  1693 
tEtrasodLum  heptahydmxo*^  1692 
Aluminum  acetate  63S 
aoetylBcetonste  836 
amalgam  1807 
arsenide  33 1 
azide  476f  S29 
b&rlde  771 
bromide  813 

bromide-hydrogen  sulfide  adduct  819 
culcluin  h^lrlde  806 
carbide  631 
chloride  812 
chloride  aTnmonlate  817 
chloride  graphite  644 
chloride  hydrate  815 
chjorlde-pbosptiorus  pentachlorlde  ad- 
duct Bl3 

chlDTlde-sulfur  denude  adduct  817 

chloride-thlonyl  chloride  adduct  8 18 

tejtrachJoroalimiltiLc  add  ^therate  816 

chlorohydridc  803 

^ethanoiomlnau  835 

^ethyl-  810 

^ethyi*.,  bromide  809 

^lethyl-j  etlierate  fill 

diethyl-*  hydride  31 1 

^oxlde  834 

fluoride  225 

hydride  o^methylamlnate  809 
hydride*  polymeric  807 
hydroxide  820 
hydroixlde  fteH  1653 
iodide  814 

loiflde-hewmmoittate  319 
lithium  cyanide  333 
lithium  hydride  805 


182B 
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pp  1-993:  Vo^,  ;;  pp  l003-f8l0:  Val,  2 
Alumiimin  lithium  nitride  e2S 
lithiufn  phosphide  630 
mtthOKide  633 
nitride  827 
oxide  822,  )660 
orthophosphate  831 
phosphide  829 
selenide  823 
sulfide  S23 
basic  824 
neutral  S24 
teiluride  826 
Amalgams  1801 
ATTialgam,  oluminuin  1607 
barium  1605*  1608 
bismuth  1606 
cadmium  1806 
calcium  1804 
Jead  1606 
pocassium  1803 
rare  eanh  1807 
sodium  1802 
scrondum  IflOS 
Un  1806 
zinc  1806 
Amide,  lithium  463 
sodium  46S 

EetraAmlde^  pyro^osphoryl  558 
trlAmldej  phcsphoryl  SS4 
ihitiphdaphoryl  587 
monoAirddcphasphate*  ^sodium  581 
diAmidophfisphoric  a^d  582 
monoAmldopiiosphQrfc  add  574 
Amldosulfonacfit  pCEBssium  507 
Amidosulfonic  add  506 
Aminota,  borlne  a;^ethyt-  778 
tnns-diAmmlne^chlord^atibumfrij  1578 
hexaAmminediramlum  ([I]}  chloride  1351 
nitrate  1351 

trlAmmlnechramlum  tE^axWe  1392 
hdxaAmmiEtecobaJt  (II)  chlcrlde  1S16 
(111)  chloride  1516 
(LII)  nitrate  IS26 

Am  mine  ccmplexeE  of  platinum  (U)  1577 
dacaAmmine-^u-peroxocobfllt  (tit)  cobalt 

{lV)mi!faiB  1540 

tecraAmmineooppcr  CU)  euiiaiE  1021 
cUAmmlnQmercury  (H } didUoride  11 14 
hexaAmmlnenlckbl  (El)  chlarlde  1S45 
dlAmmlnepallBdlum  (il)  salts  1585 
tfltraAmminednc  teg’aperDXflniciylxlitB  (VE) 

1414 

Airtmoola  460 
from  labeled  NH4CI  461 
soludons  of  463 

Anunordaie^  baron  olflutnlde  783 
AmmoidaEcd  EMTCurtc  cbluide  1114 
Ammonium  aluminum  fluarlda  226 
cr^lioarsanittt  602 
hexabrtBn&ajMimonatg  615 
cuiualibe  908^ 


rikdtr 


Anunonium  cMoTaie  3ia 
^cactaomUHate  (IV)  1594 
^Btnate  (1V>  1603 
lemchlorcpalltdue  (ju)  1584 
ChlOropUtllltTe  1570 
i^KfichloropJatluate  13KI 
-plunbatB  7S1 
-^rfaodaie  (^>  1588 
-rutbeiute  (IV) 

-^selAaiLo  425 
-^stanuce  751 
-teUmte  444 
-dtuuce  1199 
tflcrachlgrozlflcatB  1072 

cxyollce  226 

hexacyanoferraK  (M)  1509 
fluoride  183 
tetralluapoaltunlmtft  227 
hexaflujoroaluinlaaiie  226 
iSS^uarobeiTlJice  282 
bs2^uarogallaJte  22G 
hexaga&coladaa  229 
d|fluorofdiosp(haie  196 
hes^uoropbosphite  195 
gallium  alum  854 
cailium  (II!)  $ut^ie  854 
bydrogen  fluoride  188 
bydrogen  auUlde  357 
iodicie  m 

iridium  (IV}  cUoTlda  1594 
lead  (IV)  chloride  751 
lutieo^spbaningSEBite  1728 
hgfflaitroTftodaitq  (Ul)  1586 
hep^^CroeyltrEdUofemta  1764 
oxopgflEachloronMrivbdate  (VJ  1413 
paUadlun  (1V>  chloride  1584 
palladachlortde  1584 
petweroxodichromatB  1392 
peroxydleulfaie  390 
perrhmte  1484 
persulfate  890 
pUtlnicfalorlde  1570 
plumbic  chloride  751  j 

rbodanUate  1378 
rudwiUom  (IV)  cbleride  1599 
salt  of  diodanUlc  add  1575  - - ^ 

dlAmmonlvm  pertimuifana  369 
Ammonium  dlsuifatovamdatB  (111)  i283c 
pensasulfitde  369 
thloarseofite  ^04  ^ c 

yHhlwarfaQni»  674  ""  Jt 

lemihiocyanatojJammliiMfaromatB/H^  , h 

^dladfliioduion^^ 

acritblomolylidabe  1416  \ 

oannjnzataEe  1718 
uranyl  c*rboua»  1449 
maavenadate  1272  . . 

wadlum  pn)  alum  1284  ^ h 

due  sulfate  1077  ^ 
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»dM  aSdbonn 
AflMMilMt,  IKIHIlAin 

619 


(UlUvn  S57 


2 

615 


M«K3tai  906 
stOwi  »66 

•oplosM  1636 
AMmiy  bronUida  (lEE)  613 
cMarlife  (ILl)  60S 

cttwMeOO  ^10 

jlldklorlde  ttjfliiofide  200 
OHThtefUl}  199 

flnvU«m  W 

(V>  617 
<stlbl«}  606 
l«dfife  (W)  6H 
OUJudde  6J5 
(V)  mtde  616 
diL^aiiDcniy  Qs^xlde  6 IB 
Aftrimmy  (llljaxlde  cMoclde  611 
<vide  sulfaie  6l9 
(m>  suUBEa  618 

AquopHiEmnmljecobQlt  (HI)  oxalau  1533 
dL^noe^mmiiBcobalc(ll[)suUau  1537 
buiAquodtromitim  (ILL]  acetate  1371 
<m>cfalarLde  134B 
ort»^«uiCB,  sodium  1039 
Aj^uus  sUUijde  1039 
ArseoMe*  ammonEtiin  ardn>^  602 
ta™  797 


bydroiytanunanlum  SOL 
■odltfen  ^ydro^  ortho^  602 
*rtAW!nMe,  3cxiJum  hydrogen  1709 
AiwaiEs,  IsaxdY-  1709 
l^ArsHiMEsTTtmalybdlc  add^  1734 
|2-^Hfe^[ic  add-  1724 
^-Arwaaie?,  6«aidyfadic  add-  1736 
BMiytdic  8cS[U  1734 
lS-n»«silc  add-  172S 
Arv^c  591 
reUffw  S92 


wiMtKDje  add  60i 
AiMdc  MfartKdde  597 
adcUnlde  396 
ttwUtflnj  J97 
5«Me(V>  m 
dIMtde  593 


Arsenide,  sodium  dlhydrogen  S9S 
Arsine  593 

Auran  (1U>,  hydrogen  mtrachlQrfN-  1057 
A urotef  potass  inm  1061 
potass  Lum  tatrachloro-  l05fl 
Aurate  flj,  potagalum  ^cyano*  1063 
Auric  chloride  1056 
hydroxide  1060 
oxide  1059 

potassium  chloride  1058 
AurtKJilorohyidrlc  acid  10S7 
Atirous  dilorlde  1055 
s-trlAzahorane  779 
Asdde  474,959 
dumlnum  B29 
barium  942 
beryllium  899 
lead  763 
maEnesium  917 
Azodi sulfonate,  pomsslum  510 

B 


Barium  922,  928 
amalgam  1805,  1306 
aelde  942 
bromide  930 
chlorate  314 
chloride  930 
chromate  316 
chromate  (V)  1394 
Br^thochromate  (iVJ  1393 
tetracvanodatiiQAte  (11)  1576 
fluoride  234 
hydride  929 

dihydrogen  hypophoaphlte  562 
hexahydroxfiQtqBTMe  (IIO  163S 
&ESehydroxeferrace  (III)  1690 
heptahydroxoferrate  (111)  1690 
Eypo^osphite  557 
iodide  930 
manganate  (Vli)  1462 
nitride  941 

oxohydroxostantute  fll)  1696 
oxide  933 
perchlorate  320 
perlodaEe  326 
permangftnaw  14^2 
peroxide  937 
peroxide  gct^vdrate  937 
perrhenau  1467 
gjeeSPetrlienaiE  1487 
pladhocyanlde  1576 
(VI)  1435 

purlflcatlott  of  sales  of  933 
aelenlde  939 
^aUlcoJCie  706 
|D£^lllcatfi  706 
sltidjde  947 

aulfaE^potasGlum  pennaugiuisbe  solid 

solution  1463 
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PP  1-^992:  Voi.  f:  pp  1003-I»10:  VpL  2 
Barluin  Ide  93^ 
toliuride  9iQ 
^thiocarbonate 
^ihlonate  397 
^thlophosphate  571 
Bayeriw  $21 

dlBeHxenecbr^nitiim  (0)  1395 
CO  iodWe  1397 

diBerizeaeiTLoiiybden'iJm  (0)  1402 
dlB^nzenevanodJum  (0)  12S9 
CBerthoUet's)  fulminatlfi^  or  dcEonaclofi 

sUver  1046 

Beryllfltfi,  airunonium  tetr^uorcK.  232 
sodiiini  895 
BerylUum  887 
aceia^e  901 
acetate*  bMiu  901 
azide  899 
brctnide  891 
carbide  899 
carbonate  893 
chloride  889 
formaES,  basic  902 
fluoride  231 
hydroxide  894 
Iodide  892 
nitride  898 
oxide  893 

proplonaie*  basic  9D2 
Selenldie  S97 
sutflde  89S 
Eelluride  897 
Biamuth  620 
amalgam  1806 
borate  627 
[111}  bromide  623 
chloride  621 
dlchloride  622 
Suoxide  201 
CV)  Qtaorlde  202 
{111)  Iodide  524 
di^smuih  ^e^xlde  629 
Bismuth  tudde  brcmidE  624 
oxide  chloride  622 
dxida  iodide  623 
oxide  [dtrite  626 
{[II)  phosphate  626 
Bi$niu^ate,  potassium  628 
sodium  627 
anhydrous  627 
hydraia  628 
Blsmuchlde^  lithium  9S3 
potesaium  986 
sodium  985 
Bisulfide*  carbon  652 
SoehmlDa  82i 
dlBorane  773 
Berate,  blaniutfa  527 
lithluiri  aluminum  796 
nltrosyl  fluoro*  224 
potassium  Quor^  223 


Boraw^  potassium  hydroxyfluiov^  224 
irtecaBorate,  sodium  79i 
ordioBorate*  sudimn  7^ 
tecraBorate,  sodit^  7^ 
ponnBoraie*  sodium  79S 
Borate,  aodlum  fluorc^  222 
sodium  Efi^apbenyl-  80 
i'^Borates^  12»tuiigBtic  add^  1716 
Borax  7S& 

Borazole  779 
s^^chloro-  779 
metaBoric  add  791 
Bolides  1798 
aluminum  772 
Borlne  trlmethyianilnata  778 
Borofluorlde.  sodium  222 
Borohydrida^  Ildilum  77S 
sodium  776 
aodlum  i^iinethexy  777 
Boron  770 
tetragonal  772 
Boron  tdallcyle  BOO 
itrsanaie  797 
azide  476 
Sibromlde  781 
trichloride  780 
^ethyl-  799 
^ifluoride  219 
^Quocide  arnmooiats  7BS 
etherate  786 
^uorido,  n-hutyl-  BOZ 
JEiflwrlde  dlhydraie  784 
adiodlde  782 
metluudde  797 
trlmethyU  798 
nitride  7B9 
ojdde  787 
phosphate  796 
(lil)  sdmde  78B 
Bor  onic  acid,  Di-bu^l-  801 
Boroxlne*  oiniijeUiyl-*  800 
nrt-ii-butyl-  801 
monoBromamioe  480 

BrombLe*  bfirlum  316  . - ^ 

potassium  {gg^^uoro  pn^  237 
8rWlc  add  813  , . ^ . 

Bromlde^^e  parent  cation  ' ,4  ,- 

Bromine  275  -i.  a/"; 

puriffeedon  of  273 

Bromine  ttitlUiorlde  156  vr 

PCTtafluorldfl  1S8  ' ' 

graphlm  643 

hydrate  276  .r 

au>  nitrate  328 
£^oidde  306 

dlBromtne  monoadde  307  . , , 

hexaBiomoftulmonate*  ommoiLUim  ^ 
Sromolludropboagiene  210  r 

diBtqmolodldft*  eeajtei  297  , ^ 

potassium  2W  , 


1«M 
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I;  v^.  2 

SCS£S^  3tt 

579 

.MtmadttaA  379 
fTWTiTiltoa  579 
A79 
579 

•>«nsdfife»  579 

tei^BMnAidlAU  (IN  rubidium  £76 
iMtiUbO}  575 

■Mtoog>oft*Utrft  {ill\  tfaaiUum  (1)  875 


c 

p0O53ilini  gtracyUJW-  1 106 

^ibiiiuin  (joeodles)  1Q92 
Cte^i  jp  icttAtc  1105 
uilgun  lS06 
nude  IlOO 
urse&blt  UD3 
brwkidfr  10% 

CKEimiig  1104 
ctt<fflde  1093 
dbdarlde  bydrfudde  1094 
c^'Utnde  1105 
1105 

tmgON)  L1C7 
fltKTide  245 
bydrtExlde  1097 
fafdcTKychlurijde  1094 
iQiidc  10% 

Dttiijde  1100 

pbMph^  not 
potusluoL  dUorlde  1095 
CfUiride  1106 
tlwdftqide  J106 
Kdeaiife  1099 
fiUicig  1107 
K^gsflicaiB  1107 
1098 

lUAcynuK  1106 
rbld«n  923 
alitimo  byditde  806 

curlid«  943 
cU«^  930 
cyMwnkIr  946 
Aurtk  233 

pHHlUbV  946 
IfMe  929 
k9*v«kte  934 
MiUe  930 
Mdr  990 
931 

SSSSS^^^^Tw^ 


GutcLum  or^sspluiiibaw  760 
Culdurn  aalte*  purlflcatlon  of  931 
sdunid?  959 
sUicldfi  946 
5uui^  93S 
gUuridfi  940 
C^bidfip  fllunUrwini  835 
beryllluin  399 
cfllclum  945 
tlthiujm  987 
maeiwsium  920 
sodliun  987 
Carbon  630 

adsorptive  (stilvated)  635 
blacky  ^rapMdzed  631 
liutrcHis  632 
EtionoKide  black  65  i 

OLicyeen  compounds  reacting  as  adds  654 
oxygien  compounds  reacting  as  bases  634 
preparaHona,  special  631 
suifiir  compounds  634 
surface  compounds  of  633 
Carbon  monofltiaride  640 
teErafluorlde  205 
tetra  Carbon  monofluoride  641 
Carbon  inonoxlde  645 
putiflcadon  of  taiik  CO  646 
Carbon  diostit^  ^7 
purification  of  tank  CO2  647 
trlCarbon  dloKlde  648 
Carbon  selenlde  656 
dselenide  656 
sUboxide  648 
suhsulfiilie  6^ 

^sulfide  662 
triCarbon  ^sulfide  653 
Carbonate:— see  under  parent  cation 
CarbonaMtetraammlrLecobalt  ^EI)  sulfate 

1535 

Carbonyl  bromofluoride  2l0 
cfalorlde  650 
ddotoflucrlde  209 
fluoride  206 
^uoride  206 
iodoHuorldfi  211 
Iren  1636 
aalenlde  655 
Sulfide  654 
Caro's  add  389 
CSememite  1503 
Cerium  inetal,  aoUd  1142,  U45 
Cerium  monodialcogeiadc  1155 
compounds,  pure  1 132 
Earths,  purification  of  1131 
GEIl  fluoride  247 
(tv)  duorldfl  247 
(Ell>  oxide  1151 
Oedum  957 
alum  956 
aside  959 
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Ce^um  ^broimjlodljde  297 
carbo^aw  9S& 
chloride  96l 
from  carDoUice  951 
£r&m  doUudce  955 
^chlDrobnomide  194 
Oichlocolodlde  29* 
hexachiorosglenatK  425 
hfixachlorgalluratE  444 
nMacMorodithaJiace  (111)  H74 
chromalE  13$9 
^chrwnate  1359 
^oxlde  981 
germanlde  9&9 
^aphicg  635 
hvdlide  971 
hydntndde  983 
manganese  alum  146S 
manganese  (II L)  1468 

oxide  978 
slUdde  9B9 
vanadium  (Hi)  alum  1264 
Cesium,  purlfLcecloii  by  vacuum  distlUatiDii 

963 

CliitlcQgenldes , etaroptum  (U  > U55 
monoQialcogenlde?^  cgrfum  It  55 
lanthanum  1 155 
neodymium  1155 
praseodymium  1155 
Chinese  red  1112 
monoQiioramine  477 
Chlorace-psee  parent  cadon 
Qdoiic  add  312 
Chlorides— see  parem  cadon 
Oaorlne  272 
azi^  476 
monofluotide 
^fluoride  155 
hydrate  274 
nitrate  326 
^oxlde  301 
diC^orlne  oxide  299 
hsEOXIde  303 
heptoxidfi  304 

ChlDtrUue  ^oxlde  fluoride  165 
QTjLoxljde  fluoride  166 
tetroxlde  Suoiide  167 
C^oiite^  sodium  312 
tetraChloroalurninatBp  sodium  Sib 
teEraChlorofllumlnic  add  ^etheraie  816 
triChlororriammlnediroiT^  1381 
^pyridlnechromlum  ISBI 
CbloropenuamndJiiK  (III)  cMorlde 

1532 

^‘•chroniiujn  (UO  chloridfi  1352 
diQilBrotEtreaJTunlTiecobaJ  (Ul)  chlorid^^ 

I ^2*dChloroxetrMmmiaecobalt  {[Il}cMor- 
IdfitciB)  1536 

1 ,&^ChlorPtetraammLniBcobalt  (iU) 

chloride  (traos)  1537 


Qdorppentaampiliiarhodipm  ■ 159# 

chIon3e"  1590 
diratie  1590 

Ghloroanttmcmabe  (VJ^  nicroeiyl  412 
liexaCblcroaiitlmjaidc  add  (V)  611 
djChiormquoprtaiwnlnfldira^  . 

ddondo  1354 

iTlChlowttiaouocfaroniliim  1340 
Qilor Qpenta aqucchromltim  (Ul)  chloride 

1350 

suiSm  1350 

peiuaChloroaquodiallate  [tD)^  p«ta$aiiua. 

374 

tetjaCUoroaurace  (111),  pouaslum  1053 
adCKToauirlc  acid  10^ 
s-oiOiiorQbotazole  779 
Qilorodiromacep  potaastun  1390 
trlQUoro^alane  808 
triChloroTiieifaaaolodiraQitiiBt  138D 
ds^Chloro^ethyleneditDUiiechrtnduOh 
(US)  dagride  1356 
Chip  ro^e  thy lene  dlam  iaechromitma 
(Lll)chlQ(rlde  1357 
diadorotetrafluctfoethaDe  205 
triddoro^uorocthane  205 
^^[lIluoroediMa  205 
monoOiloroQlOugTOmatfaanB  20$ 
dlQilorodj|lUorainediane  205 
CUoroQuoittphosi^^  208 
diChloroUuorophoaphlDe  191 
triChloroeermaiK  72f 
OHordhydrlde,  aluminum  90® 
Chlorol^doai^Doatep  potassium  -508  ^ 
cetraQiIaroiodic  add  299 
diCblorolDdidep  cesium  296  •' 

potasdum  295 

tetiaChlorDlDdlde,  potassium  298 . . ■ 
hexaChlorotrldate  0V)p  amnuBdvm  I59i»‘ 
(Ul}p  potassium  1^5 
(tV)p  potuslum  1593  - : ^ . 

hexaCUordrldium  (TV)  add  15^--  - - : 

**rnaj(igatiam  0V}p  pocaaBltn(v4464 
-mdyMeite  (lU)*  po^slunv^^UM. 
-osmate  PV)*  anunonl^ 
sodium  1602  :-.y^ 

catraQiioropalLadate  (^1)«  ammaiUdin  -I58il 
potaseluni  1584  . - . 

sodium  1S84  i 

hexaCMorcipaUadate 
perns  slum  1584  a- ^ 

Cldoropboaeeos  209 
TficraChioropfaospbOBlum  bjeKsHu 

CSaoropladnam  pv>,  ammodurn 
teireChloropUddate  (U J,  powssttajft 
bexaCbtoro^tlAaie  ammodum  I^Tk 
patflssium  1573  / 

sodium  1571  ” . 

Oiiflrodetliilc  tidd  1569  . 
tetraCaorDplitUtie  (11} 
bexaQdoroj^tldc  pv)  stdd 


WM 
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Wa.  Iz  ^ WA-lSfO:  Voi.  2 
^■ry wifitTnTBri  mmoalum  7Sl 

oKSSawP^t  chiotide  t537 
cfalocide  1533 
trtCUmumrtittiHchr^  1331 

hnaiOyqmSSikm  ^S8B 

pm$sMi  I53& 

Hf**^^t**™f******  aiwirtftn<imn 

taa^vosQleWPS  435 

oeslv  435 
Mssfn  425 
ndiidtjvx  425 
tWtlvn  435 
(Mwosilttt  691 
ACkloneUmp  dtcaetfayl  694 
C^laA^auAS  695 
henChl«osaauie»  amrafmium  731 
poCBssuDi  731 
bBoaChlonetamiic  Kid  730 
daOdarniPQaftsiitfMTMi  370 
-^stAfaat  371 
'•A^sutfane  372 
-tetrasutfang  372 
^panmsuUiuK  373 

■J^ir^CTTifiiTM>  372 

-b^usuUiane  372 
'-4£OfulfaJK  372 
adorosiifomc  Add  385 
beuadarcceilurace?  444 
anvumiiin  444 
ccdun  444 
pocassiDni  444 
rdBdifBn  444 
ttaJUiBI  444 

mtaOdm^aUats  dulUtirn  (1)  872 
*™Oil«diaUflffi  (IQX  potassi™  873 

(1)  873 

■WiOifcm^tiiiallatc  ai!X  wdu^  874 
MMdjanttumi^  (lU)  add  872 
rmr nfUiu udUniesEatie  (IHJ,  potassium 

1427 

chloride  1537 

Ote^flnpvtde  165 
WjfftoKi^  166 

scld  adhylrEde  536 
'*™ne*  ceaiu&i  1389 
ptowUxa  1390 

ggBMtei  Oiior&i.  13^ 

fW«M«.0aXavmcii4ymieDracfai^ 

_ dlanUiEu^  137a 

■ 137^ 

a*fc*fHiN  ksmbeuffU  1375 

i372 

***■“  MWWficyaaaiBdlp^^ 

1379 


Ovromatfi  <111)^  sodlttm  hoxahydroxo-  1688 
Chromace  CtVh  l^arltim  ortho^  1393 
Chromate  (V),  barium  1394 
poiassiiun  mraporoitfr*  1391 
diOu-omeiep  ammonium  pentaperoxo-  1 392 
cesium  1389 
rubidium  13SS 
trlOLTortiaw*  potassium  1709 
leEraairoiruUfip  potassium  1710 
Ou-omaDeSp  Ig^ly-  1709 
OiramlC  {[HjadHT ttCraiJliocyariato^m-. 

mlne-p  1377 

chloride,  lutec^  1351 
lutratep  lureo*  1351 
-2-C3trord(BS,  12-molybdlc  acid-  1737 
Chnomicep  sodium  thio-  1394 
Oiromium  1334 
ciiroinliuii  (1[)  acetate  1368 
flUi  acetate,  hexaaguo^  1371 
triCbromium  acetate,  dlhydroxohexa- 
acEtato*-  1371 

OLromitiin  {Jll)  acetyiacetoEiatg  1333 
{0)  dibensene-  1395 

(II)  ta:Dinldje  1340 
ilU)  bromide  1341 
carbonyl  174 1 
Sicarbonylp  tripyrldine  1749 
tetracarbonvl.  dlpyrldlne  1749 
(I4  chloride  1336 

{[II J chloride  1338 
heKaatnmlnjB-  1351 
heKjaquo-  1348 
chlorape  ntaaminlne-  1352 
chloropancflaquo-^  1350 
^chloroaquo^ammine-  1358 
chloride,  erythro-  1360 

(III)  cbioildje,  cla-^icbljorq^ethylenedi'- 

amlne-  1356 
trans-dichloro^ethylenfidiamiM  1357 
^ethylenediamlne  1354 
EriOiromiimi  (III)  chloride,  dlhvdroxohejca- 
acetato-  1371 
Qiromlttrn  flU}  chloride^  hexaurea^  1359 
trichloro^ammlne,  1381 
13B0 

-a^tharuoio-  1380 

-cripyridlno*-  1381 
CH)  ^uoiide  256 
(ill)  ^oorlde  357 
(IVJfliarldc  258 
GiI)elyclDate  1382 
hydroxide  1345 
(U)ladWs  1844 
011}  Iodide  1344 
0)  iodide,  dlbenaeiifl-  1397 
^diphenyl}-  1397 
®5enylXbenztna>..  1398 
0II)  zdtnte^  hejcaammlne**  13SI 
Ultilde  1347 
QI)  oxalate  1370 
ESS^de  Qlammbaa  1392 
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Chrofnlum  (IIIJ  oxide,  copper  1672 
oxide  gel^  hydroJied  1646 
triQxid&ppyridine  1385 
perchlorate^  i^C2,3  -dlpytldyi>*  1362 
< 11)  percldoraifi*  pyrldyi )-  1361 

(IVJ  ^peroxw^aromlne-  1392 
(0)lat5(^hfiayl)i.  1396 
(Q)  ^JiaphenvliMniErUp*^  1363 
onhophosphate  1364 
(0)  ^ {2*2'^yrldyl)-  1363 
(H)  sulfate  1363 

{Lll)  EiilfatEf  ^tethylenedlamine  1354 
Eulfldes  1346 

(III)  thiocyanate^  ^ethylePOdJamlTie- 

1354 

tratis-^ihiocyanaEo^(ethyleno^amlne)- 

±357 

(lU)  xanthate  1383 
Chromjuni  (H}  salt  solutions  1366 
Chromyl  chloiijde  1384 
fluoride  258 
nitrate  1384 
perchlorate  1387 
Cinnabar  1112 
Qnnabar  green  1092 
ClnnaharlEe  l Il2 
Qerlci^S  aoiutiDii  884 
Cobalt^  metalUc  1S13 
pyropharicr  16  IS 
very  pure  1513 
Cobalt  alwtlnaTe  1525 
Cmj  amide  1526 
Cll>  bromide  1517 

(Ui>  bromide  f triechylcnedJaniine-  1538 
bronUde,  dinltrosyl  1761 
(III)  bromide  tartrate^  d-pciethvlenedi** 
arrine^  1539 

diODbalt  carbide  1531 
Cobalt  carbonyls  1746 
tgracarbonyl  hydride  1753 
carbonyl  mercury  1755 
(11)  chloride  1515 
hexaammlnq  ±516 
(II  [)  chloride,  h^ceanimine*  1531 
chi  oropentaammine^  1532 
^jiHdichlorowtraammine-  1536 
r^S^chiorotetraflntmine-  1537 
nitritogenmammine-  1535 
nitropentasmiTilne-  1534 
chloride^  ^i^dtro^yl  1761 
(ill)  T^exacvanlde^  pote?e±um  1541 
(II)  iduoilde  267 
(m)£tuontte  268 
green  1092 
(II)  hydroxide  1521 
(la)  hydroxide  1S20 

(II)  Iodide  1518 
iodide,  ^Ipitrosyl  1761 

(III)  nitrate,  bejutammloife"  1526 
nitride  1529 

dlCobelt  nitride  1529 


Cobalt  oitrosyl  crLcarbvnyl  1761  • ^ = 

dliittrosyl  hallSes  1761 
(111}  oxalate,  aginopgnaaajnMlae"  1533 
01}  oxide  3519 
(It,  UI)  oxide  1520 
(UE)  o3dde  1675 
^osphlde  3530 
(I]])  Eulfite  1$24 

(tV)  sulfate,  d^ainminfr^ii-pewflcagcAi^ 
(tH)  1540 

(iLt)  flidfate,  dleouoKEManiJBlji^  1537 
(Til  j guifate,  carboigtoteCMnnaln^  1535 
sulfides  1523 
sulfbxylate  393 

Cobeltate  (Ell),  potajsiurnhgi^ficvaiifr-  1541 
(IV),  pOEAsstum  tepgflUfiTO-  269 
(HI)  aodlam  bexMmto-  1541 
Cobaltic  OH)  acidT^^^jW^  i&4i 
Copper,  pure  meul  1003 
active  1633 
colloidal  1003 
Copper  Bcetoareanlte  102? 

(I)  acetylhte  1026 
Ql}  azide  1022 
(1)  bromide  1006 
(U)  bromide  1D09 
cariAtiaies  (basic)  1024 

(I)  chloride  1005 
(U)  chloride  lOOS 
du^mium  cxide  1672 

(II)  fluoride  238 
hydride  1004 

(U)  hydrosdde  1013 
P)  Iodide  1007 

fi^tetralgdomercurate  (H)  HID 
0)  nitride  1021 
(1)  oxide  1011 

(H)  mdda  1012  " - 

axychlorlde  1010 

phos^jilde  1023 

dipbospitalde  1024  ; 

(I) flei«ilde  1019 

0)  suHto  1020  r- 

(It)  sulfate,  tejfraammlDfl-  l02l  = ^ 

(I) stilfida  1016 

(II)  sulfide  1017 
0)  tellucide  1019 

Ooriuidem  822  . 

Qmraie  (US),  poMSlum  hexafluero"  26^ 
Qjprlc  bromide  1009  ! - 

carbonate,  blue  1025 
dblerlde  1008 
hydroxide  I0l3 
mdtte  1012 
sidfide  1017 

CunrouE  a Tide  1022  -■ 

"Xanlde  im 
chloride  lODS  -.  - ■> 

IwUde  1007 
mtrttle  IWti  . • 

OAdde  lOH  . 
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101» 

mo 
KUb 
tOl9 

^c4kium 
KH7 

^ ^mcvk  702 

Q^H^tcid  bb7 

658 

Mtw  iIwUiwc  353 
r^B»MBiiirrtif<  rirtTr  sodium  peflca- 


softun  gfenl^  1512 
QpMOAiinK  OJL  pmf slum  1065 

iMnC^UDcadmBto^  potissium  J10& 
CytaadvwnAU  flHl  DOt*35lum  bexj^  1373 
C^HKOOtelnv  potassium  1541 

bqaC^iDOCObaJtic  ^tL}  acid  1542 
bcnQfiiHfemite  (IT)^  anunoDium  1509 
soAva  carbonyl  1769 
sodiutn  bitrosyl  1763 
benCytiufeiTic  add,  (tJj  1509 
<nt)  ISlO 
Qrviosen  660 
ACya^oi  660 
C^ymgfiii  bcumide  665 
dUoride  662 
iodide  666 

CrmBiAogHTUttA  fP,  potassium  hfcXfl^  1472 
(DJu  potassium  bexa-  1473 
{tnX  pulassliini  bgM-  H74 
pocassiua]  aitrosyl  1767 
QFaaociercuraie  {Tl>,  potassium  Ktra^^ 

1122 

C^fAuoolybdEte  (IV)^  pota^sliiDi  octa^ 

1416 

pcA^uda  idtrosyi  1766 

(U),  poiassiuEn  mra-. 

1559 

Cfnih^4iidiaiii±  {ll^  badum  acra^  1576 
pwaaim  mra-  1576 

(TV),  potassium  «ta-  H29 
^IVIL  pPtMSltim  octa^  1430 
Q>*"74arafB,  po&ssluzn  teira-  lOBfi 
CynMilcacU  663  “ 


E 

EryihrodiromliLin  chloride  13G0 
criEthanolamliuts^  aluminum  635 
^era»p  boron  u^uoride  766 
Eddop^s  mineral  1111 
Eihoxlde^  aluminum  834 
tetraEEhOKygfirmaiie  725 
p^silane  702 
(TlEtltylaluminuin  BIO 
dlEthylalumlmim  bromide  809 
trlEdiylaluniinufti  etheraw  81 1 
diB^ylaluininum  hydride  311 
diEthyic^mlum  1103 
trlEthvlenediemJEnecobalE  (HI)  bromide 

1538 

optical  antipodes  of  1536 
mEthylenjediainLnechromlujn  (Hf)  chloride 

1354 

suHace  1354 
thiocyanate  1354 

Eihylcncdiainine  iron  carbonyl  1756 
crlfotylenedlamine  Iron  (IJ)  octacarbonvl 
4i^errate  (Jl)  1756 

dlEtfiylmercury  lU8 
Ethyl  ^Tdtrosyl  Uiiofermte  1765 
diEchylzinc  1084 
EUTDjpiurn  compounds^  pure  1136 
Europium  (11}  bromide  1150 
(11)  carbonate  1137 
(Jl)  chloride  1136 
(U)  Quoride  248 
(|[)  iodide  1150 
(lljojdde  1156 
(Hl)ojdde  1156 
fllj  selenlde  1155 
(H)auLfaE£  U37 
(II)  sulfide  1155 
(LI)  teUmlde  1155 


Fehhng's  solution  1027 

Ferrate  Q\\  ammonium  hfiMcyano-  1509 

Ferrate,  ammonjEum  hept^trosyl 

1764 

(JU),  barium  heptahvdraxo^  1691 
(HI)*  lithium  l^KJI 
(VI),  potassium  1504 
(tV),  potassluin  hexafUioro-  269 
poLassium  nitrosyi  ^carbonyl  1759 
potassium  ^mtrosyl  thiosUtf^o-  1766 
sodium  carbonyl  cyan^  1769 
tfi),  sodium  peniBCvaooammiDo  isil 
gll)p  awSlum  pentacyanoammlao  1512 
gJX  sodium  paugcyanoaiquo-  1759 
gUf  s«am  a^tiydroxo-  16B6 
PXL^  Sodium  hgptahvdroxa-  1689 
QH)^  sodium  fissi^ydroxD^  1690 
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Ferrate  sodium  nlti'D^yl  cyano- 

1768 

OH),  aodium  hcXAthlocYano*  ISll 
Ferric  {It)  acldp  jQffijtflcyafto-  1509 
{lllj  add^  heicacvflflo^  1510 
Ferric  bromide  H94 
fddortde  1492 
Ferricyanlc  acid  15  LO 
Ferrccyanic  acid  1509 
Ferrcms  broimida  1495 
chloride  1491 
iodide  1495 
oxide  1497 
sulfide  1S02 

Fluorldes^see  parent  caiiOEUi 
Fluorine  143 
Fluorine  nlcrace  187 
hexaFluoroalumlnate,  auimoaiuin  226 
te  tra  FLuoroaluminate  ^ ammonium  227 
tetraRwrotaeryllfliep  ammonluin  232 
Fltkoroborate^  uLtrosyl  224 
potassium  223 
potas$iiim  hydroxy*  223 
sodium  222 

Fluorochminace^  potassium  1390 
Fluoroborlc  acid  221 
Fluorobortc  acid*  dUiydroxy-  784 
EetraFluorobranate  (tU),  potasslutn  237 
Fluorofurm  2)04 
Fluotoformyl  fluoride  206 
bexaFluorogaUatCf  ammonium  22S 

^gcrmanaifip  potassium  216 
-^indate*  ammonium  229 
boptaFluorocobalcate  (IV),  potassium 

269 

hexaRuomiodate  (V),  potaasium  230 
trlFluorciodomjetbazue  205 
ticxaFluorcm&nganttW  (TVJp  potassium  264 
triFluoromethane  204 
hexaduoronicknlatie  (IV)^  potassium  269 
heptaFluoroidobate  (V)p  potassium  255 
dlHuoropbosphate  {VJp  amrumiliim  196 
bexaRuorophospliUTe  (V)p  ammoalum 

tetracfaloropihosiritqnium  193 
potua^um  196 
crlFluorosUane  214 
tecraFluorosUane  212 
FluorosUlcate,  zinc  1090 
RuorosUicic  add  214 
hexaFiuorcsUlclc  add  214 
Fluorosulfiitatep  potassJiam  178 
Fluoroatilfonlc  add  177 
hoptaHuiorDtaotaiato^  potassLi^n  256 
pentaFt'uorothoratep  poaasium  1177 
bexaPtucrndtaiEato*  potassium  1163 
sodium  1163 
FlvosUldc  acid  214 
Formyl  dtrile  658 
Free  alkali  metals  956 
FTemys  salt  SD4 


G 

GadollDite^  treaimeiut  of  U29 
diGoliaoe  S40 
cetramecbyi  840 

C lUate^  ammonium  hexaHuoiPO^  228 
liEhlton  CHpahydro-  842 
CaUium  837 
dissolving  In  adds  839 
electrolytic  separarlon  d 837 
Gallium  alum,  ammonium  854 
BUtlmonlde  857 
arsenide  857 
azide  476 

(II)  bromide  647 
GIE)  bromide  845 
ai)cMorfdo  846 

(III)  chlorlEle  843 
(HI)  fluoride  227 
hyc&cxide  847 

m Btah ydroxide  B4? 

(lU)  iodide  846 
^methyl^  840 
oLtraie  BS6 
zvUrldc  855 
(I)  oxide  849 
(111)  oxide  648 
(III)  perchlorate  839 
phosphide  8S7 
aelenide  854 

(HI)  sulfaiEf  ammoitlum  854 
(1)  siHfide  652 
(H)  sulfide  851 
(lll)sulllde  850 
tellurlde  355 

Gdp  aluminum  hydroxido  1852 
hydrated  dhromium  oxide  1648 
hydi^ted  oxide  1646 
aiUca  164S 

CormanaSp  potassium  318 

Germanep  Editor o-  721 
tetraedioxy*  725 
Germanlde,  ealdum  948 
cesium  989 
iDSfneslitfn  922 
potassliun  989 
rubldimn  989 

sodium  969  ■ , 

Germanium  706 
metallic  712 

OermanItLin  tetraa cents  726 
(TV)  bromide  716 

HV)  chloride  715  ' ’ 

^dJlcride  716 

tetrafluorlde  215 

i^dEldes  713 

(tV>  Iodide  7i9 

720  = J 

j^ltodide^  me  thy  1-^  722 
nitride  722  ■ ; ■ ^ 

(U)  oxide  711  - 


iMi 
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Om^OTav)««hte  70« 
■KCft«VlW«f  709 
'^%M^KmpcaXHDa  706 
^ rtNUin  OKwnfMsidoa  70S 
TO 

13^ 

OlliLw>pu»  losa 
cnlMdH  loss 
ftvii  nstduea 
0}Kni!Mp  1063 
a)cUvtd»  t055 
{nt)cU«Kte  1056 
BMKiiocide  1055 
n^4Ctde  1056 
trtcMfiriide  1067 
953 

0A>b7drcNbde  1060 
(mjiofak  1059 
1059 

trwiide  E0S9 
(I)st«flde  1051 
(Q)54frfe  1062 
tI£T)si^&k  1063 

Coid  pmsfiiim  cyanidt  JQ65 
Sn  il5o  anrouf , aiurlCp  «tc. 
salt  550 

alJcill  compounds  65S 
5k  *1^  carlna 

Gnpbisar  aUah  unmiae  camEKHJuvla  637 
alumiinm  cUorldc  644 
64Z 
643 
635 

flraida  640 
fails  ud  films  632 
lTH(DI)d)lorlde  644 
644 
643 
63a 

•UdeUdck  631 
63B 
643 
637 
637 
642 

Cr^BUcscid  638 


H 


4172 

j frUB  zlroptQlimi  1179 
^lvnU«  1203 
1249 

mmsgiOt  1303 
Mt  12»p  1236 
fV|ilM»  1221 
Lm 

1244 


H«tvy  hydrogen  and  compounds— Me  Deq- 

terluin 

Hetfiropoly  acids  1698 
Heteropoly  compounds  1699*  1716 
HltiorPs  pliosphorus  520 
HopfctUte  (HopcftllK)  1674 
Hydrargimte  S20 
KydraK,  bromine  276 
chJoEliie  274 

dlHydrace,  boron  fcmuorlde  7S4 
occaHydreces  of  alkaline  earth  metal 

peroxides  957 

Hydrated  chromium  oxide  gul  1643 
Hydraped  oxide  gels  1646 
Hyclrfl2inj&  469 
hydrate  469 

^sullonate^  potassium  509 
Hydrasinium  sulfate  468 
Hydrazolc  acid  472 
Hydrides— see  parent  metal 
Hydrochloroaurlc  add  1057 
Hydrocyatilc  add  65S 
Hydrogen  lU 
alumlimm  chloride  815 
bromide  2S2 
chloride  2 BO 

te^chlorcaiiraEe  (ill}  1057 
h^evanocobaltate  (III)  1542 
he?ffLCvanoferrac&  (F[)  1509 
pr[)  ISIO 
deuierlde  126 
fiiuride  145 
flucride^  ammonium  183 
potassium  237 

diHy^ogen  hypopihoaphatej  ^sodium  S60 
diHydrogen  hypophosphic*^  barium  562 
Hydtotgen  Iodide  286 
peroxide  140 

dlHydrogen  phosphate^  sodium  544 
Hydrogen  phosphLde  (gaseous)  525 
dlKydrogeii  phosphide^  sodium  530 
Hydrogen  Mleoide  416 
aeleoide,  sodium  419 
^ulfaiovauadate  (III)  12S2 
sulfide,  ammonluin  357 
sulfifie,  sodium  557 
tetraHydrcgentfiUurate,  sodium  453 
Hydrogen  cdlunde  438 
thiocyanate  669 
Hydroxides— see  parent  meLal 
dmydrcxoh^l^ceEato^chrniniu^  {III) 

_ , acetate  1371 

chloride  1371 

iiexaHydroxodironiatie  (UI)^  Godlum  1688 
teiraHydroxo«|prate  (il)^  aodium  1684 
bexfiHydroxocnjraE  91),  barium  1685 
Hydroxotorrates  (HI),  barium  1690 
sodium  1689 

teiraHydrcxoferram  (It),  sodium  1696 
J*<raHjdroxema«^  sofSlum  1693 
hewWydtoMnlcUceto  (1[)^  Btronttum  1686 

hexaKydrexopitmdMt^  sodium  1694 
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Hydtoxjo  sbjtg  1677 
u-lHydrmuistBiinaCe  (Il>*  Bodluin  1687 
hexfij^ydroxoatuinai^  9«Uum  1694 
KydroKDzlitcaceSj  sodluin  1681 
HydroxyapatlTjO  545 
HydTdxyQuoroborate^  pau^slum  223 
diHydroxyfluocotKirlc  scld  7W 
Hydroxylamine  5Cl 

dlsulfoTiatep  pousslum  503 
tjqmqn^sulfonlc  add  5 ID 
HydTBxylammonium  arsenate  501 
chloride  493,  500 
oxalare  50l 
phosphate  500 

hexaHydroxyplatiEiates  (IVJ  1875 
Hypersulfuric  acid  388^  389 
Hypobromitej  potassium  311 
sodium  310 

HyppcJiloritep  sodium  309 
HypocWorous  acid  308 
Hyponicrates— see  parent  cadon 
Hyponitrltes^aea  parent  cadon 
Hyponitrous  acid  492 
Hypophosphate,  podium  hydrogen  560 
tetrasodlmn  561 
Hypophosphlte,  barium  557 
hajrtum  ^hydrogen  S57 
Hypopbosphoric  add  55G 
Hypophosphorous  acid  535 


I 


ImldCp  lithium  464 
heptasulfur  4U 
thlonyl  480 

Imldophosphatep  tetraaodium  SS9 
Lmldoaulfonate^  potassium  506 
potassium  ddoro-  508 
Indate,  ammonium  liflxafluoro-  229 
Indium  857 

alectrolydc  reantng  of  8SB 
preroflning  of  crude  857 
andmonidje  667 
arsenide  867 
(1}  bromide  862 
OObrninlde  861 
(HI)  bromide  859 
0}  chloride  G62 

(H)  chloride  861 
01]}  chloride  858 

OH)  fluoride  228 
hydroxide  862 

(I)  iodide  662 

OI)  iodide  861 
011}  Iodide  860 
nitride  366 
0}t»dde  ^ 

0U)  oxide  863 
phofipblde  867 
Hlenides  865 


aulfldea  864 
tfiUmIdeB  ibS 

iatermetaUlc  compounls  1771 
lodatep  Iodine  0tl)  331 
Iodic  add  316 
teyacfalons-  299 
Iodine  277 


recovery  from  Uboretory«M»eeludiQU 

, . 271 

Iodine  mongbrCHPlde  29i 
monoddorlde  290 
^db^Dtlde  292 

g"uorl(ie  159 
uoTide  160 
late  331 
rate  329 

0U)  percMoraie  330 
011)  sUlfate  329 

iodine  0)  perchleratet  ^pyridine-  327 
dilodine  tiea;oxlde  333 
pentoxlde  307 
[odine  (IQ)  sulfate^  332 
lodc^uoro^osgene  211 
lodohydrorgyrate^  powsium  1110 
lodcpluirtbltep  potuaium  754 
trUodomercurate  0I)p  potassluiu  UlO 
letraEodainercurate  01)^  capper  0)  1110 
silver  illO 

l^date  0V)|>  ammonium  hesjctloro*  1594 

8n)p  potassium  hgnacbloro*  159S 
V)^  potassium  ^xaphlono-  1593 
Iridium^  pure  1590 
(LV)  add,  fr^Mchloro-  1593 
011)  chloride  1592 
(IVj  chloride,  ammonium  1394 
011)  <hlorlde,  potasoitou  1395 
(Vi)  fluoride  270 
0V)  oxide  1S90 
0U)  oKfde,  hydrated  1592 
(IV)  oxide^  heated  1591 
iron,  ntetallic  1490  " = 

carbonyl  1636 
Iron  0H)  acetate*  basic  ISOS 
trllroo  0U)j3^aaceteto^p(yd]^exc^^ 

acetate  im 

Iron  01}  bromide  H93 

0II)bromldfl  1494  ■ ^ 

carbide  1503  ' , , . 

tetegcfljhonyl  1745  ^ 

pentacarbonyl  i743 
^botiylp  et^eeedliamiae  756^'^' 


tetra carbonyl  halides  1751 
^Stlde  1752 
carbonyl  mercury  1733 
carbonyl,  pyridiBe  1755 
01)  chloride  1491 
0U)  chloride  I492 
011)  chloride  grai^te  64* 
01)  fluoride  266 
011}Giuride  266 
01)  hydrtfldde  149S 


* . 
'v-ZiM'  - 
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H99 

WMM  JW 
■ii.*.fc^  isoa 

1 4|put4AQM 
IbiMftS  1762 
U47 

_^uidB,«-  1^1 

fl^  Ul)  «kl»  1499 

S>  M)db. ' hydnated  1654 
)«cycUaTidft  ISOl 
{tU>«4|»Ue^  b&slc  1507 
<n>5Ulfl4»  1502 
ipl)  sulfiiH  pottsslom  ISO? 

(HI)  iUoc]r*iunr 
Aina  snSfcartwyl  1744 
MioTboayi  1744 
Dllm  dadsacif  bony!  1745 
Isncfuatr^  ^HIcOd  707 
cofhpou&ds  1702 
1709 


dkrgmdlEK  1709 
mdytKtoie^  1710 
dMU5  1705 
sutfifeies  17J4 
munJalCf  1707 
tm^states  1712 
vaaad^Ks  1702 


K 

Kieni»»  syntfaetic  794 
Kurrol's  sodiam  poJjyhoBphaa  551 

L 


I aartamwi  metjj,  po^rier  1141 
AdU  1144 

f JMhani  lUS 

ttidilaride  1146 
cyrh^yiBadiaiildea  1159 
Amide  346 
hj^tkOTide  I1S2 
Slkdliks  1J49 
iine  1156 
mride  jis? 


MS«lfini<jie  1155 
McAde?  1154 


Ltfmd  carbcoate  766 
L«fd  chamber  crystals  406 
Lead  (IV)  chloride  750 
tBtrftChJoTlde  750 
wraetitvl-  765 
(U)Gi»nde  2iS 
(IV)  fluoride  219 
teiramethyl-  76^ 

(II,  IVJ  axldfi  755 
(IV)  ojdde  757,  1660 
^oxule  757 
"stperoxide''  757 
red  755 
ffle^slUcate  705 
(IV)  34fatfi  761 
^sulface  761 
jtOflde  760 
thiocyanate  769 
LepIdoUtB  950 
LindemOTin  glass  796 
UtMum  956 
aiurmirnm  cyanide  633 
aluminum  hydride  805 
aluminum  nitride  828 
aluminum  phosphide  330 
amide  463 
anilmoiifde  9B5 
arsenide  985 
azide  475 

berylUiam  borate  796 
blsmudUde  985 
horohy^de  775 
carbide  937 
carbonate  950,  987 
chromane  953 
ferrate  (m>  1504 
fluoride  235 
hydride  971 
Eenrahydrogallate  842 
hydroxtcle  902 
ImLde  464 
nitride  9B4 
oxide  974 
peroxide  979 

ETl Lithium  iie^pbenyichremate  {ill)  1375 
Lithium  phosphide  983 
metaaUlcaTe  705 
stliclde  991 
Lustrous  carbon  632 
LuKochromlc  chicrlde  1351 
nitrate  1351 

Uiteocobalt  c^oride  153 1 
Liiteophgsphomoiybdlc  add  1732 
Ltiiwjphos^ottHigstlc  acid  1724 


M 

MadreU*s  salt^  sodium 
Magnesate,  eedluitt 
Magnesium  903 


549 


1683 
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Magnesium  araenifie  917 
azide  917 
brornide  909 
carbides  9^ 
carbonate  232 
cWortde  905 
fluoride  2"A2 
germanide  922 
hydride  90S 
hydroxide  9 12 
iodide  910 

-nickel  mixed  oxalace  cataiy?t  1615 
nitride  912 
oxide  9U,  1663 
perchlorate  320 
phosphide  917 
sele^de  915 
filicide  921 
sulfide  913 
telluride  915 
Magnus's  shU  1577 
Malachiie  1025 
Mangaimte  (Vll),  barium  1452 
(VI  patiesiutn  1461 
(IV  }j  potBssinm  hexadiloro-  1464 
{!},  potassium  hexBcvano^  1472 
(11^  patasslum  hexacyano-  1473 
(III),  potas slum  hejwcvario-  1474 
{lV)t  potasstuin  hej^uoro*  264 
potassium  nltrosyl  cyano-  1767 
{III),  potassium  trloxalato-  1470 
(iV),  potassium  ^xaiato^hydroxy- 

1471 

(VII),  silver  1463 
(V),  sodium  1460 
Manganese  1454 
(1(3}  acetate  1469 
cesium  alum  1468 
(JIJ)  chloride,  potassium  1464 
0()  cyanide  1473 
(111)  cyanide  1474 
(dJOtiorlde  262 
(ill)  fluoride  263 
hexafluoride  264 
(11)  hydroxide  1456 
nitride  1463 
(](}  oxide  1455 
(HI)  oxide  14S7 
OVJ  cfldde  1438 
(VH)  ojdde  1459 
^03dde  1458 
hept  oxide  1459 
(Hi)  stdfatB  1467 
$11]  sulfatB*  ce^um  1468 
(Il)salfidfi  1465  . 

Mercurate  (il)j  copper  (I)  t^Ealodo-  IHO 
(U),  pocasslBin  teacacyano-  1122 
flih  DotaBEluiii  trliod^  lUO 

potassium  cernttfalocy*"^  1124 
(U),  silver  tetr^ddo^  Uil 
Mlercuric  acetalB  1120 


Mercuric  cvanldo  im  : 

imliiohrainlde  1115 
oxyddorida  1108 
ahlaolde  1113 
sutude^  hUck  lill 
sulfocyiiiuce  1123 
thiocyanate  1123 
ifalcnltroaylaitQ  iil8 
Mercuric  predpitaiv  (^nhislUe),  'Mtm 

IIW 

(ftislisie],  irfiiie  iiw 
Merctirous  acetace  U20 
thiocyanate  1122 
tbicnitrosyiate  U17 
Mercury  27 

(1)  acetate  U20 
(U)  acetate  1120 
(L[)  amide  chioxide  1114 
$1)  bromide  1109 
$i)  ^chloride,  ^airnnine^  1114 
coMt  carbouvl  1755 
cyanide  1121 
Methyl-  1118 
n)fluonde  243 
$1)  fluoride  244 
$lHn^lnabrofnlde  1115 
iron  carbonyl  1755 
(U)  OKycbloride  IlOB 
potas^um  Iodide  1110 
CL)rhodanlde  II 22 
([[)  selenide  1113 
$l)aul&^  mi 
$>  thiocyanate  1122 
Ql)  thio^auats  1123 
$)  thloDitrosyUto  IU7 
$1)  Thiooitrosylam  Ills 
Mechoxlde,  alumiEium  883 
boron  797 

tetraMethoxysllane  702 
tiiMetbylboraxine  800 
dlMeihyldlchlorodil^  694 
temMsthyl^gallane  840  . ^ 

trlMftbylgalUum  840  i -'  ■ . 

Methylgermaidian  crUodida  722  > > 
MiHoii'g  base  lUT  > 


bromide  of  1117  ' 

Molybdata  (Vl)^  tB^rwnndiieadik?'W 

(V)*  ammoniujp  oxiopantachlcg*^-  .4415. 
ammonium  tettathl^  1416  v.L/iP? 
011}*pota3Siiun|^a!£iiiO(i**^ 

$V),  paEaesium  figasyano- 
pcu^sltim  bydrogeagpcroiXOK^^^k 

potassium  nltrosyl  cyano4*  176A- : ./*f 
Molybdates^  Isgpoiy  171C  i 

ammooluin  1711  . ’ 


sodium  1710*17X2 
Molyb^KHim  1401  ' . l . : ;fx; 

MnlybdeiHim  (pJ^fib8ha?Sfli9^^>  lUtW-: 
Molybdenum  blue  1411 
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SSwSf**S55?**~ 

IPrMM<*i  I'M 

0^«wrtte  2^ 

It^wer  14  B1 
141^ 

R}«Mb  1409 
)vtidb  UJ2 
1411 

9r)s«lftde  I4i$ 
d^MUUe  1415 
AWjbdlcacift  1412 
6-Mit)rbdlc  ui^2«^«rsei3A»s  1?^^ 
UrtHfiOlQ  a^i-irs^Vi^s  1734 
add-2-4rseiuie£  1734 
*clci-^-diromlDes  1737 
tNMnljlutc  ftgid«  1-periodates  1733 
ll-Maljlidic  4Ci4- 1 -pho^pfaaties  1730 
IS-m^c  acid.Z*phosplLa[S5  1732 
l2.J4olTfadlc  A£d^l-sUlcat4 5 1729 
Mdybdic  Afliiydrtde  14)Z 
Uov^ie  fAod^  eutrajcUim  {}f  1127 
14asiice<dd  741 


N 

^ieodylni1lm  moDDcliilcogenjdes  1155 

Offopoudd^  0^tl(m  c£rlimi  eac^  U3l 
Ni^Ei  1543 


NLcIcelan  <H)n  airofitluiti  h&xahydroxo 

1^36 

Niobtte?,  aJfcflll  1323 
taop^iy 

Nlobaie,  potBssLum  1323 
(V)^  potassium  hejg^iaoro-  255 
poeassium  peroocy-  1325 
sodium  1323 
Nloblc  acid,  per^xyn-  1324 
NloMiun  1292 
{111)  bromide  1309 
(V)  bromide  1311 
corhLdes  1331 

(II)  cfclorlde  1296 

(III)  chloride  1297 

(IV)  chloride  1299 

(V)  chlorides  1302 
^uieride  1296 
(V)Ouoride  254 
beptBfluaridc,  potassitafTi  255 
E^dfi  1295 

(1L>  iodide  1314 
(LU)  iodide  1314 
(tV)  iodide  1314 
(V)  iotUde  1515 
nlarldies  1325 
(II)  oxide  1317 

(IV)  oldde  131fl 

(V)  flxtde  1318 
oxvtrihromide  1313 
os^^chlorlde  1307 
phosphides  1330 
euMdes  1327 


(M)  amide  1534 
ijl}  bromide  1S45 
drUde  1556 
(U)  carbonaiE  1556 
uiLawiyE  1747 

dipaibeuyl  o-phesantliroUDe  1750 
1544 

fll>  cMiOride^t^gcammlJte-^  1545 

hydrate,  potassium  1559 
(nUBriife  769 
finutD-parattU)  caulysc  1631 
1549 

lQ>ltirAialde  1551 
W^TE^voOde  1531 
1549 
1350 

WjUMttde  1547 

ndifid  oocalate  catalyse  161S 

isss 

Jtfnrlflr  1355 

1548 

1351 

1554 

4M<M  #V\  dt-^-^^ndft,|ggtraki^  fdiihj&, 

■** 


Nicraicide  496 

^flcrates^see  under  parent  caUon 
bfitraus,  hypi>^see  hyporitrate^ 

Nitric  acid  i91 
anhydrous  491 
Nitric  oxide  485 
Nitride  tetrahydride^  sulfur  411 
pentftNitride,  ^phosphorus  574 
diNltride,  ^sulfur  409 
K&asuifur  408 
teEraNitride,  tetrasUlfur  406 
NiETidcs^see  parent  metal 
NitrUosatfonate^  potassium  506 
Nitrltt,  bismuth  OKfda  626 
Nitrites,  faype^see  Hyponitxltes 
NltritHpoMaanunlme  cobalt  {111}  chloridlp 

1535 

hexaNifrllocobaltate  (illj,  sodium  1541 
hexaNijiliOrhodlaEe  (D[)^  ammoulam  1536 
Nitrogcfli^nilnewbalc  (in)  clUorldfi 

1534 

rifr-diNltro3iammineplaiii^^  (Jl)  1579 
Kitrocarbamate^  potesaluzn  496 

Nltrqgea  457 
&om  asddes  457 
purifLcadoa  of  cominerclal  45S 
tt^H^milda  480 
ddphloride  479 
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Nlmigftn  trtfluorldjc  Ifli 
lEilmUde  4S0 
^oxidfi  m 
4S7 

pen^adde  489 
oxyiluoiide  184 
diNlcroacfluifldfi,  potassium  504 
NlDroso^suLfoiTLate,  poca?  &iimi  504 
Nitroaoaiilluryl  fluarlde  i88 
Nlcroayl  compcnands  174  i 
Nitrosyl  bromide  513 
dUorld^  Sll 
chloro&ntlinDnace  (V>  *12 
dlNitrosyl  oobali  hailties  17*1 
Nimayl  cyanoferrate^  3 odium  1768 
cyaTtomapganau^  p^5Sfum  1767 
cyanomolybdatfi,  poiasstwn  1766 
fluoride  184 
fluoroborate  224 
hydrogen  sulfate  406 
perchlorate  320 
sodium  514 
?uWuric  acid  406 

heptaNltroavltrithiOKCrgferraiB,  ammoniiun 

1764 

diNltrosyl  thioferram^  ethyl  1765 
diioferraie,  sodium  1763 
rhiosulfatocobaldtie^  potasalum  1766 
i^iosulfatof^rrate,  pocaasltim  17^ 
diio^uUaionlokelare,  potassium  1766 
Mttous  oxide  484 
NitroxylaK,  sodium  515 
jNltrvl  ddonde  Si3 
fluoride  186 
perchlorate  321 
tfoble  gases  82 


o 

Osmate  (IVJp  Barunonium  bexechloro-  1603 
(V[),  potassium  I6O4 
(ivj,  sodium  ^cadhloro-  1602 
Orthophosphates,  ceudensed  546 
Osmiannatep  patassium  1605 
Osmium  J60I 
(IV)djlortEie  1601 
(IV)ojdde  1603 
(Vlil)  oxide  1603 

trlCbMlfttochromaw  (lUJ,  potassium  1372 
-^hydroxymangartflte  (IV), 

potassium  1471 
-mansanate  HUX  pocasaium  14^ 
betraOKaiatouranate  (IV),  potassium  1450 
Ocallo  add  d^trlte  660 
Oxlde^see  parent  elemem 
f^de  chloride,  antimony  (lit) 
chloride^  Idsmiuh  622 
Qfcldjes  in  gases  1669  . 

QxDhydroxostEuuiate  CUJ+  barium  1696 
Oxygen  j^uortde  165 


Oxvb^£iC«lSon  6» 

OEOHe  837 


Ql\  amiaonliub  teftrachltja, 

(IV)^  emmonivm  bast&ctdoro-  £584 
^1),  potassium  tetraddora^  3534 
CV),  potassium  hHcaddoro^  15U 
sodium  tatrachlefe-  15B4 
Faiia^iun^  pure  £580 
colloidal  1581 
b^ack  ISSl 
Palladiuin  (11) 

tadam(U)  1585 

(U)  tgtragL^^nibietetrachJoropaflWm 

(tl)  bromide,  IS85 

(]]}  chloride  1582 
chloride  for  detection  of  CO  .1552 
(UJ  chloride*  dUmmlnc-  15B5 
^V)  chloride*  ammoflium  1584 
(IV)  chloride,  potassium  15M 
(11)  oxide  1583 
Feiladlzed  asbestos  1582 
PsUadochloride,  ammofllum  1584 

potassium  1584 
sodium  1584 
Parts  green  1027 
PerboraiBp  sodium  795 
perchlorate*  slkaltne  earth  320 
gaUUum  (III)  839 
graphite  643 
iodine  [ill)  330 
nltrosyi  320 
nlcryl  321 

djpyrldl  rteiodine  (1)  327 
Perchloric  add  318 
Peiiodiace,  barium  326 
potassium  325  , >. 

so^um  323  .; 

UPeiljodateB*  6^molybdic  adijU . 173iS?»-f  - 
Perlodltpcld  322 
Penriangaiute*  barium  1462  . . 

sUver  1463  . ■ 

Perinangaidc  add  anhydrida  145?v 
Fercudffe*  barium  936  . -ni  . ' 

caldiim  936  K > 

hydrogeA  140  - 

ILthluin  979 . - . ^ 

sodium  900 
stroDtium  956 

EStysuIfur  3S2  ^ 

dlPeroxoKiamndfleclmn^  19s 

pentaP^uxjQjyiphi7>i^  aaamoidupfcjv 
tec»Perox6chrC(mht)e  (V)^  poteas4!H|iw^ 
tetrAFeroxAmoly)3date  (Vi)f  j 
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" 1*»,  poaasium  hydn^ 
««n  MM 

ponssium 
1114 

fche^ima^  potsf slun 
.Ktillli^  unnvoniwn 

pqtusium  392 

Gi^ric  *ctd  38S 

c add  339 
j,  poussium  L315 
.WdiCKid  1314 
^micKid  1219 
unmooiufn 
1435 


■BsBftntenaftf  buium  1437 
i pacEsduin  1600 

ftesritaicKkt  3S9 

poussim  393 

dblDTUta  1S?3 

f>FteeBEBifairTiliafr  nickel  ^car^OJiyJ  1750 
sdnr  (D)  persulfatv  1050 
urmAeiiyQHrue^  sodliini  S03 


KiBoniqEisbaiep  alumimiir  531 
l%dS)di&Up  tmintmiiiln  dMiloro-  196 
uungoiJnn  htJfnIlVOTXh-  195 
lulaii  ditfaio-  571 
Msm*b'(lD)626 
bona  796 
pnfdwn  545 

trimetiFlifls^jlinEp  sodium  $^2 
mwDecai%Dspfiaip^  sodililn  553 
irAaEpIheBe^  gentas odium  547 
temiVisphacifr^  ba^odium  543 
ItefteKt  SttHum  ^hydrogen  544 
Wim  gpooQcfalQ^.  569 
vMtan^dxio-  570 
satanoitlrtc-  571 
■wtefci  tetratfaio^  572 
Mr^’teepliaiies^  sodinm  549 
Criiinirs  sbIl  550 

sodium  polyohjosphate  551 
sale  M9 


13-indiybdic  add-  1730 
JS.molyixUc  add*  1732 
l-Phoeptkate,  12-tuogjnic  add^  1720 
15-^iiugseic  add-  17Z3 
2Uo^fllc  acid-  1722 
T*  f^iiilc  add**  1722 
1739 
1739 

^pameleiDeiu 
S25 


MidrlDM-  1732 
S7S 


ie  529,  Sai 


dJPtiosptioTlc  add  546 
ortho  Phosphoric  acid  543 
]syroPhQSphorlc  add  546 
niosphoric  acidp  motioamido-  579 
^amldo  532 

diPhosphoric  add  Eetraddorlde  536 
Phosphoric  acld^  deutero-  138 
orthoPhospihorous  acid  544 
Phosphorus*  black  S22 
brighi  red  519*  S2I 
coiloidai  524 
Hlttocf's  520 
red  519 
whits  518 

Chloride  Cuodde  191 
^ohiaride  grfflwride  192 
{tin  fluoride  1B9 
(VJ  fluoride  190 
(IJl)  iodide  540 
^odldfi  539 

dlPhosphortts  tetralodlde  S39 
trlPhosphorus  pentanlErlde  574 
Phosphorus  (vjojtldfi  S4l 
oxide 

tstra  Phosphorus  decaoxide  541 
l^selenide  573 
Phosphorus  urisnjfiHp  563 
pentasuiride  565 
newasulfidfi  566 
diPhosphonis  per^SUlHdie  567 
Phosphorus  siilfdctilonde  532 
Phosphoryt  Ertamlde  584 
(V)  bromide  534 
pyroF^osphoryl  Eetramlde  5S& 
chloridie  536 

Fhosphotuivgsdc  flcid^  luceo-  1724 
Pink  salt  731 

PladDflEie  [IV),  am  monium  hexachloro- 
(tl),  barium  eecracyaiu>^  1576 
(tl)j  potassium  WOTchioro-  1572 
(IV),  potassium  hfii^chloro*  1571 
fll),  poca^sium  teiracyaito*  1^6 
(iVj^  potassium  hexabydroxv*  1S73 
{IVX  sodium  agtachlotTv  1571 
(IVJ,  sodium  bBxalivdroKv^  1575 
natlnic  (H)  acid,  tetracbloro^  1570 
(IV)  acid*  bexachloro-  1569 
Platlnichloride^  ammonium  1570 
pocassium  1571 
WKlium  1571 
Ratlrdc  chloride  1569 
salammoniac  1570 
Platinized  asbestos  1563 
PlatlDocynjilde,  barium  1576 
potssstum  1S76 
Platlimm*  pure  1S60 
reclaimed  iS&l 
FUtlJUtni  amnOaes  IS77 
Magnuff^B  siLc  1577 

^Bt  chloride  1577 
MCffljd  chloride  1576 


1570 


jNDEx 


ms 
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PlatUium  ftmmliies,  P^eyrone^B  chloride 

1S7» 

cls-^nltrodi^iTane  pledmim  pi)  1579 
Pladiium  black  1562 
chlorides  1567 
(II)  chloride,  ^ammlne-  157S 
(II)  cWorldfi,  letraammlne-  lj;7 
eleccropdaUng  1565 
(II),  clE-d^tfo^miixlne-'  1S7& 

(IT)  oxide  1575 
(IV)  oxUde  157^ 
spon^  1562 
pi)5ulflde  1573 
(IV)  auifltte  1576 

Fliimbfliep  anamonium  bexachloro-  73l 
orthoFlumhate,  calcium  760 
Hombate^  pocassiton  hexachloro^  753 
metaPlimibfltep  sodium  758 
orthol^iimbatfi,  sodium  759 
Plumbatc,  plumbous  755 
pv)p  sodium  hexahydroxiCH  1694 
Plumbic  flcetaie  767 
chlarlide  750 
dilorlde^  ammonium  751 
cMoridCt  potassium  753 
sulfate  761 

Plumblte,  potassium  iodo-  754 
Plumbous  piunibaee  755 
Potassium  95B 
amide  1043 
atnidosulfmaie  507 
autimonldfi  9fi6 
arsenide  966 
aurate  1061 
azide  475 
azo^sulfoEiate  5 ID 
bismuthate  628 
bismuddde  9S6 
^romoiodide  296 
cadmium  cbloride  1095 
cyanide  1106 
carbonate  987 
chloroimLdosulfonate  508 
^chloroiDdide  295 
tetracMcrolodide  298 
peniachlQiroKKmMquQiJirffl  (fll) 
pe^chloroaquothedlate  (lU) 
terra ehlorofturatie  {l^^} 
chloimcbroiriate  1390 
hexacJdofoirldaM  (111)  1595 
(IV}  1593 

heacaAloromaafianatB  pV)  1464 
hexaddoromolybdate  (in)  14DS 
tetr^cfaloropallfldate  (H)  1584 
jtej^cfaloropailadatB  (IV)  1564 
tetradiloriooladiafltE  (It)  1572 
bexachlornplailafttB  flV)  1571 
bflxachloro^iiml^  753 
hfixnchioroihodate  (III)  15® 
hexadiloroaaiapate  425 
bexachioTMtaiinaB  731 


P^Dtaaslum  heucMoroteUivaie  444 
fe59££^^doftJthallate  pii}  m 
^leeachlDrQ^EUugstBte  (jUU)  14Z7 
nS!2idaoro^tui^tate  (Dl)  lti7 
^chromate  1709 
Ea^chromate  1710 
chromium  omlaie  1372 
thlocyuiaEE  1374 
cobalt  (111)  bexacyanlde  1541 
c\^/nx&  0UrTi>14 
^cyanoaimte  (1)  1D65 
tao-acvEnoeadniatia  H04 
hexacvanocfaromatia  (Ui)  1373 
-cobaitate  lS4i 
-muigauace  (1}  1472 
(U>  1473 
m 1474 

KMcyMomercuraifi  (U)  U22 
OCtacyaaiomdlyfadace  (W)  1416 
tetrscyanonicJoBlate  Ql)  15^ 
-platliute  01)  1576 
ocaeyanotTOgBtete  (lY)  1429 
(V)  1429 

tetracyanozincate  1088 
ferrate  (VI)  1504 
Quorlde  »6 
^uoride  237 
fTuQraborata  222 
atrafluortibroinag  OH)  237 
fluorcKiiromate  1390 
hcxafluorocbromate  {IV}  269 
-ctqnrate  (Ul)  269 
•ferrate  269 


*«!ermanate  216 
-lodatcCV)  238 
-mu^anate  (^)  264 
•nlckilaK  (IV)  269 
Jluoroniobate  (V)  25S 

, hucrotflaOStiJiate  (V)  196 

fiiuorosul0^te  173 
^p^UffTOEsatfllRte  (V)  256 
pentall  uoro  thorate  1177 
^^^uorotitanaie  1163 
-vnoadate  270 
gurmaoide  939 
bydra^nedlsUtfocate  509 
hydride  ?7I 
dihyikogien  BrsecWa  595 
hydros  fiuondc  237 


S25f  529 

^oxyiluorvlioirate  223 

i^dn^icyiftndJU  ^ 

HfthydnBtyplatliiate  1575 
ipbbratilite  3U 
Bldoflutfoiuite  506 
KUde  290 
■Uodldo  294 
aohsd!f*pgy»te 
jiodomercuratB  (il)  1*10 
idopluix^te  754 
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Mtautftefttt  506 
MM9H>cUwfe{to  15^ 

1507 

MjnOatoMft  753 

— n 1461 

H^w«»(UJ>^artde  1464 

l^cytnd^  1474 
ISi^iinridfi  364 
■matcyimlde  1122 
^ffUde  1110 
-ililocyuub  1174 
■iclKl  (0)  cyiknlide  bydrata  1559 
ii4tem  1323 

h««g  Wilde  253 
sMrUosuOwAtE  506 
^mcifliUTUK  496 
^trososulflie  504 
oltroeo^ftdloDate  S04 

crtjcarboflvl  teriraK  1759 
cyinomBne"nw>ff  1767 
cyuAmolybdAtis  1766 
^iivsyt  thiofulfaiDCQbeltau  1766 
liklasid&itiitfemie  1766 
diiasdUACHiJckelate  1766 
osnutB  (VIJ  J604 

osmlimilE  >605 

trlonluodiriaaiate  (III)  13?2 
$ioxBtBts^hydro«y^  (IV}  1471 

triaxalatpaiaiiEaiiatE  (tU]  1470 
lEmaxalatouraiiiatH  ^V)  1470 

uonmflbydjnixi^  1693 

oxide  977 
dioidde  931 

pallariftmi  ();V)  cfalorLde  15S4 
pvIlBdodagirlde  1554 
^Maie  32$ 

pemianpBitatfiwbariuni  suifate  solid 

soHudon  1463 

VLUmxiuXiichrean&m  (V)  1391 
PWiiyuioliME  1525 
-d^ihospbace  562 
392 

-tBOEBiate  1325 
I^Anifaemte  1600 
persvi&K  392 

p»wytw  543 
986 

ptori^kUnrlde  1571 
^adHicyaiilde  1576 
iteUc  cUoElile  753 
liiuMm*  iodide  754 

cUoddc  1473 

■cMdr  421 


dlPocas^UTvi  ggniftsulfanfi  367 
hgMftaulfarte  363 
PataaslTim  tijgullBte  1714 
^suUatovBiiadace  (111)  1233 
sulfide  360 
^audUde  363 
^5ulfld«  364 
tetrasuiSde  366 
peniajulfLde  367 
bisulfide  363 
tantalitm  hoptafmQrtde  7S6 
tellurldf  +41 

heaadijlocvajiatodironiatg  (IJ)  1374 
teiradtlocyanatodlpyrldlnoch^Qinate  (II  [) 

1379 

hfliCithiocyan&covapadate  (Ul)  1291 
teMthlocyanomercurate  (II)  1124 
^thionaw  390 
tetrfldiiQnate  399 
oenmhioJtace  401 
hexadiionatg  403 
vanadium  (iN)  alum  1264 
zinc  cyanide  lOSfl 

Praaeodymluin  compounds  from  cerium 
eartba  1131 

mortochalcoeenidcs  1155 
(JV)  oxide  11S5 

Primary  zlncoxymedtanesulllnate  1076 
Ptussic  acid  658 
Purpureodiromic  chloride  1352 
diP^dine  chromitun  tetracarbcmvl  1749 
trll^ridine  chromliiin  Bicarhonyl  1749 
dfPi^dine  iodine  (1)  perchlorace  327 
Pyridine  Iron  carO€^]  1753 
hexaPyridlne  Iron  (II)  uidecacarbonvl  tecra- 
^ ferrate  (II)  175S 

Tris(2*2  -d^r!dyI)ctironiliifo  (0)  1363 
(i)perchloJ?ate  1362 
(II)  perchlorate  1361 
0 1b-  o(;q'  -dlpyridylGllver  nitrate  lOSi 
(Il)petatafato  1051 

Trls-ii^-dlpyridylsUyer  (II)  perdilorate 

1050 

nitrate  1051 


R 

Haney  nickel  1625 
Hare  earths,  metallic  1141 
Rare  earth  amalgams  1807 
ffijhromidce  1143 
l^at^alcogenldes  1155 
SitUorides  U46 
cyclopentadlenides  1159 
1 150 

hydroxides  1152 
1149 

nitrates  1153 
nUrldjes  1157 
suilfeteA  U56 
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Relnecke  acid  1377 
salt  1376 

R«isec's  first  chloride  1577 
second  cWorlde  1S78 
Rhenaic  (VI),  barium  148S 
5odluni  1483 
Rbenic«p  sodium  1483 
Rhculum  metal  147b 
residues,  worlci^  of  14$ft 
Rh&nium  (III)  chlorltJe  1476 

(V)  chloride  1477 

(IV)  chloride,  poEassium  147& 

(VI)  fluortdie  264 
flV)  oKide  I4fl0 

(VI)  oxide  1481 
evil)  oxide  1432 
(VIJ  oxychloride  1479 

(VII)  oxychloride  1480 
tlV)  sulfide  14$6 

(VI I J suilide  14*7 
RhodantlatCp  ammoruum  1378 
RhodaniUo  acid,  ammonium  salt  of  1378 
Rhodate  (Ilf),  ammonium  h^chioro*  158* 
(lU),  ammonium  pentacbloroaguo*  1588 
(lU)^  petassium  heatachloro^  1588 
(ill),  poEasslum  pefttadiloroacuo*  1588 
(III),  sodium  hexaebioro*  1S87 
Rhodium  1535 
(III)  chloride  1587 

(III)  chloride,  chloropearaammino*  1585p 

1590 

hydroxide  1588 

(III)  nlcraie,  diloropencaammltte^  1S88* 

1590 

(HI)  oxide  1588 
sulfate  1589 

Rhodochromlum  chloride  13S9 
Rlnmann’s  £reeii  1092 
Roseocobalt  oxalate  1533 
RoussLu's  black  ammonium  salt  1764 
red  sodium  salt  1763 
Rubidium  957 
azide  475 

bexabromothallatfl  (lUJ  876 
carbonate  987 
chloride  951,  961 
hexacMorcaelenafe  425 
hexachlorotElluratie  4+4 
chromate  1388 
^chremace  1386 
germanide  989 
637 

hydride  971 
hydroxide  983 
oxide  977 
dioxide  981 
Sltlcide  9B9 
vanadium  (lii}  alum  1234 
Ruthenate  (IV),  airtmonluhiie3achlo(rt^' 

1599 

potaasium  16EX> 


^^*”healum  15JS 
^OdniQrtde  1597 

(JV)  ammonium 

( VJhydroxydiiarWfi  1597 
(IV)  oxide  1599 
(Vllljwide  1599 


1899 


s 


Samaidum,  pure  compoui^  ctf  1135 
purudcadim  ^ 1140 
$6Ud  inecai  1143 
^bromide  1150 
^remide  1148 
^chicride  1 150 
^dUccMe  i M 
OUDdlde  1150 
j^odlde  1149 

Scandium  cooipauDdSp  pure  ll25 
fluoride  245 
SdUlppe*^  eaii  619 
Sdiwelzar's  reaganc  1016 
Seionate^  tumncmlucn  hextehictfO"  425 
ceelum  Ij^chJorcK  425 
potassium  b^chlorcH  *23 
ruMdlum  hex^cfalero-  425 
sodium  433 

thallium  hejcachlprO"  42S 
Seleolc  acid  432 
Saleidde,  aluminum  £25 
barium  939 
beryllium  897 
cal^um  939 
di^ealde,  carbon  656 
Selaidde,  gallium  854 
hydrogen  4i8 
Indium  865 


magnesjum  915 
triSdeiiide^  tetraphosphocua 
Selenide,  potassioiA  421 
s^Urti  ^2i 
sodium  hydrogen  419 
diSeienlde,  $odium  421 
SelecldOp  atromiuin  939 
selenite^  sodium  43J 
Saledum*  pure  415 
unorp^MUS  416 
imOT^ous  vitreous  416 
coUoidU  417 
hexagonal  417 
^siDCl^CB- 416 

Salealum  monofatBiaida  426 
dlSelenium  jgbronUde  426 
Selenium  ^gyibromldfl  427 
maoQchloride  422 

^chloride  422 

hexafluoride 
nitride  435 


573 
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433 

W4«t  4I» 

Sfoii^  435 

^ llflAHt,  sodium  434 
(uhiydrovs)  430 


oMobte  413 
5iiM(yt  cMortds  439 
SAW;  fii^brano-  693 
HW^oocy-  702 
WTMBMhMTw  703 
jllMckj^cUoiO--  694 
SUmos  679 
tiHoro-  691 
P4^  631 

693,1643 

MttSUkaoe,  bsrtuzn  706 
diaiiciftCp  fauimc  706 
oteoaiicUE,  lead  705 
Umarn  703 
a0«-  70S 
sodlUBn  704 


di^lijcaie,  fodlum  704 
l^JaikiPW,  12^o]ybdl{:  add-  1729 
lO-tim^cadd-  1719 
l].4ii«stic  ulcU  1717 
SUldc  adds  697 


aqoHus  mdecdar  dispersions  oi  69& 
odlodd  693 

crysalllneiilsillclcacid  699 
SUiddes  d illdU  mauls  939 
5lUdde;,  caldam  946 
cedmn  989 
lilMum  991 
nuctteafum  921 
pDUssluai  9$9 
ndridiuD  9S9 

aUddes  1795 
SOicocUacvtom  691 
9Ua4Lunrlc  add  314 
gltrtjfnprrfQTTn  214 
Mew  676 


«23de  476 

637 

jar^tfomlda  686 
fi^lE^cUarkk  632 
rtiw4iV s,  hi^ier  6S4 
rymtu.  TO 
!S0wrtdit  212 

SaaM^e  689 

l^■lJf^llu  TO 


Silver*  ""molflciitar"  1623 
from  phocographlc  soludons  1030 
powder  1029 
from  residues  1029 
(Berdioliei's)  ftUmlnfltlng  or  detonadtig 

1046 

acetyllde  1047 

amide  1043 

orthoargandie  1039 

aside  1045 

carbonate  1048 

chlorate  1037 

cyanamlde  1047 

fiiiorlde  240 

(U)  fluoride  241 

subfluorlde  239 

hvponlurlte  493 

iodide  1035 

mBQganate  (Vll}  1463 

(IJ  nitrate*  bis>^  a;  o' -dlpycldyi-  lOSl 

(II)  nitrate*  tris*  or*a' -dipyrldyl  lOSl 

nitride  1046 

nitrite  1048 

oxide  1037 

(II)  perchlDrate^  trlS'-o^a'-dipyridyl- 

1050 

permai^anate  1463 
peroxide  1038 

(II)  peratilfate,  his-o^Qf'-dipyrldyi-^  1051 
(Jl)  persulfate,  i^pheiiaiithrellrifi-  1050 
0)  selenlde  1041 
metasilicate  705 
snUate  1042 
(1)  sul/lde  1039 
Msiilfimide  483 
sui&te  L043 
tartrate  1049 
CD  teUurlde  1042 
Sodium  9S7 

dispersions  «£,  in  inert  liquids  967 
finely  subdivided,  on  inert  eoUda  969 
Sodium  amalgam  1802 
Birtlde  465 

diSodium  monoamldophasphatB  58 1 
Sodium  antimonide  986 
prdioaraentlte  1039 
arsenide  986 
azide  474 
bsryllates  895 
blsmuthnte  627 
blsmuthlde  936 
met&jjorate  791 
ortfa&borate  790 
tSS^borete  7^ 

S)Qm&  795 
uprfde  222 
bor(*fydH(te  776 
carMde  9B7 
carbonate  987 
carbonyl  cyangf^ate  1769 
chlorite  312 
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Sodium  ^E^dUoroalumlnate  9J6 
h&jtachlorochamaie  (IV)  1603 
tatrfldUoropttUadace  ^L) 
hfixachl  oro^ati  naa  (IV)  1571 
•r^odate  (Ul)  15fl7 
cobaitinltri»  1541 
ggntacyano&mminoferratie  (II)  ijn 
(l\l)  1512 

fluabcraie  223 
fluotide  235 
fluaroborAEe  322 
hfixaS  uorottiftnate  1163 
germatitdje  9fi9 
bydrlde  971 

liydrogen  tcjarsenatE  1705 
^hydrogen  art^rsenata  602 
araenidc  595 
phosphaLe  544 
phosphide  530 
hydrogen  selenld^  415 
diS^um  ^hydrogen  hypophjo^pbas  560 
Sodium  Eiyfirogen  sulfi<^  357 
igireh^ogan  tellurate  (VI)  453 
hydxosulflde  353 

tetraSodliim  hepjghvdroicoalumlaatfi  1692 
Sodium  h05£flltyS^3locliron^  (Il[)  16S5 
CfitrahydroKocuaraCe  (T[)  1634 
^lerraie  U[)  16S6 
hepr^ydroxQferratfi  (HI)  1659 
^rahv^^xofiarratg  (IJI)  1690 
tetralwdroxpmagnfisaiE  1663 
j^jacabydroxoplumbatE  (IVJ  1694 
nthydr&xpgiannale  (11}  1657 
hex^ydroxostarmate  pV)  1694 
ttjhvdrQX&aincate  I6S1 
tetr^ydroxjQzlccate  1662 
hypobrotiUtfi  3 10 
hypochloritE  309 
tiypooitraea  &17 
h>]30nlirltie  495 
ttoraSodlum  hypophoaphatie  561 
Sodium  hypostit&ts  393 
tetraSodlum  litddo^phogphaK  539 
Sodium  iron  (11])  thiocyanate  l51i 
maoeanan  fV)  1460 
trlmetho(xybQrohy]dridie  777 
fljfttamplybdatie  1712 
E^mnlybdate  1710 
1323 

b^j^tritocobaitate  (Ml)  iWl 
nlcropni^slde  1763 
nlcrogyl  514 
t|ya^±rrate  1766 
dinitrosyl  liiiofetrate  1763 
ihiosulfatoferrabB  17^6 
nitroxylaie  315  ,, 

monoSodium  axohydraxoalumliial!B(i)  16^ 

ai)  1693 
SodUwn  oxide  973 
^oxlde  980 
patladoohlorlde  1564 


perboratn  795 
periodiies  ^23 
pGT0«ide  960 


^Slf^iiylbontB  803 
®fi*i^ospibat)e  ^7 
l§^Mt]Bpbo9phai£  54B 
^nuSodJiaiTt  547 

hmSodlum  ^gjgaptaospfaue  M 
Sodli^  trlPOivnboBaKAfe  547 
P^ype^tM^S49 


pbos|dilda  9B6 
plBdnlcfalortdn  1$71 
nw^uiDliaK  75B 
arthoplumhftte  7S9 
ihenate  {IVJ  H33 
rhenitje  1483 
adenate  433 
sfiLeiUda  421 
diaelenldo  421 
selenlK  431 


aeleiiopen^ihlonaiB  434 
n^slllcau  764 
a^lUcatfi  704 
slUciidB  989 
orthostannate  739 
dlSodlutD  ^sultane  86I 
tetejaulfane  365 
pemajulfane  367 
SodJ^  aulflde  353 


^Eulfldo  361 

365 

lientagUtflde  367 
orthcieUiirdu  453 


KUurldo  441 
^ullurlde  442 
cetlurLce  449 


miluTtmeatatfalotiaia  454 
diloantlnienan  (V)  619 
ibioerfieoate  604 
mojteEMoorthaaraenace  605 
^thlQOUfaoaraflaatift  605 
tMochromlte  1394 
Ih^atfalocyanaferpatg  (lit)  Z5H  - 
^tfaloiutie  395 
dltMonm  393 


Soffgthiophogphatfl  569 
^iblopbosptaate  570 
^thiophospbats  571 

iPtpidiUBihoaphatc  572 
mfitathlo^tannata  742 
Bgaddoatanaaifi  743 
^lO^oauiEfaCiOdurtte  1063 
meutuhEgtaEe  1727 
paraningaiaB  1712 
Mtavanadate  17D3 
pVrovaoadatB  1702 

SotruiBie^  armfloalian  tssad^oro^ 
(II)  faulum  oxohydroio-  1696 
pflyaMliim  ?31 

orxbo5»aaate»  sodium  789 
ScBimaia  (U)*  sodltiio 


■■  ■ 
. *0 


731 


J6W?  r 
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SKxMwt  timtotiroKO  lAM 
3Mte  «Ci^  ^ 74» 

Smbw  wm  Tte 
S#M  tOh 

SrriMW 

ir^lr^  ws 

UB»  441 
bwkmv  n« 

WMk  430 
kfMb&  429 

9$5 

k^^B^cbwfxiickelAR  (11)  1^56 
■Avide  440 
«Mv  932 
percklaniE  320 
penKi4»  930 
pemdde  octahydrtM  937 
939 

sttteide  947 
s4fide  93S 
KUaride  940 
Sh«wde  4ft2 
Skrfikaei  cnde  346 
pure  349 
diSbi^  350 
cxlSdj^  350 
un^dfone  353 
^ 353 

¥*M5Wia^  353 
353 

ocdlSoI^  3$3 
diSidfufrp  ^Iroma-  377 
criMfaiK,  ^tEiooio-  379 
BrnSi^figp  ghrwno-  379 
irwaMfiiTr,  ^^jrotich-  379 
fcmSnlfiinF,  j^^lramo.  379 
jgtomo-  379 
■ra^Wane^  379 

■MnUlau^A^orti.  370 
4Siilte;p  A;Uoto-  371 
blMLn^  ^cSlore-  372 
r^Wiinp,  ^chll^TO-  372 
dcWoro-  372 
hmSiitae;^  ^cUort>w  372 
fcn^*Wftine^^|diloro-  372 
BTfa^fanf^  ^UMonK  372 
cUdEide  412 

uauQluu  gaUitim  pu}  SS4 
(Ml)  613 
<U0  «dde  619 
le**av>  761 

^rOreenn  406 
*0V)  744 


trlSuUfmldjep  sUwr  433 
Sulfltep  aiumlnum  824 
Sulfocyanic  acid  669 
SuIfonAce,  potassium  amido-  507 
dlSulforuto^  pocassium  azo^  5 10 
Sulfonape^  potassium  chloratnUdo-  508 
diSulfQnatdj  potassiuni  hydrazine-  509 
SulfosAce,  potassium  Imido-  506 
potassium  nitrllo^  506 
dfSuif&fiatflp  potassium  nlcroso-  504 
SulfoKylate^  cobale  393 
Sulfjp  pure  341 
coUoidal  soiuxloD  343 
plastic  342 

Sulfur  rnonobJomide  377 
dlSulfur  ^b(Tomlde  377 
Sulfur  monochloride  371 
jJicWoridft  370 
dlSUlfur  ^chloride  37 1 
Sulfur  tetracfalorld&  376 
Eetrafluoride  168 
hexafluoride  169 
hepcaSulfur  Imlde  411 
Sulfur  niTTldo  Mjtrahvdrlde  411 
dlSuIfur  ^niertde  409 
tetraSuifur  ^nitride  408 
teoranitdde  406 
triSuliiir  djnltrogen  ^oxide  413 
dlnitrogen  pentoxlde  414 
Lower  sulfur  oxides  379 
diSulfur  ^oxide  5 SO 
Sulfdr  ajpxjdfl,  seieEilum  43S 
tellurluin  455 
Sulfur  peroKidep  poiy-  382 
SiiUiErlc  acidp  dcuiero-  135 
irtonoSidfuric  acld^  percncy^.  3&S 
Sulfurous  bromide  377 
etdoride  371 

Sulfuryl  bromide  fluoride  176 
ctUortde  3S3 
chloride  fluoride  175 
pyroSulfuryl  chloride  385 
Sulfijryl  fluoride  173 
trlSuEflaryi  fluoride  174 


T 

TauiaUtes,  aUtati  1323 
laopoJv-  1707 

Tancalate  (V>*  poiassitim  hepfAflupra^  256 
potassium  peruxy-  13lT“ 
Peroxytantallc  add  1324 
Tantalum  metal  1292 
Q.V)  bromide  i3io 
(V)  bromide  13U 
carbide  1331 
((V>  dUoride  1301 
{U)di|prlde  1302 
deuteride  1296 
(V>  fluoride  2SS 
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TaiitaiiiJTi  he^fijanorlde,  poussiuin  256 

hydride  l^S 
(V)  iodide  131& 
ulETidfi  132B 
(V}  oxide  1318 
oxvtribromide  1314 
pbQsphide  13^ 
sulfides  1337 

Tellurate^  emmoniiun  ^yachloro-  444 
cesium  hfixachloro^  444 
poiassLiun  hexacbloro^  444 
rubidium  hej^hloro-  444 
sodium  tBtr&hydrogen  453 
orihoTeilurate^  sodium  4S3 
Tellurate,  thalUum  bexadhlocof^  444 
1-TeUuraies,  6^tuqgstlo  acid-  1726 
Telluric  acid  45i 
Teliurlde,  EUumlmuu  626 
beryUlum  397 
gaUium  853 
bVdrpgen  4S3 
int^um  865 
magnesium  915 
potassium  441 
Sodium  441 

dlTeliurldep  socUiini  442 
Teliurlte^  sodium  449 
Tellurium  437 

sotutLoUp  colloidal  436 
Tellurium  tetrabromide  445 
tetrachindde  442 
Jhgjcafluorids  130 
letraiodide  447 
^oxide  447 
trlojtjde  4SQ 
sulfur  trloxide  455 
TeliuropentatlUatiaDe^  sodium  454 
Tellurou?  add  449 

diThallace  (lll)i,  cesium  noaficiiloro-  874 
THallace,  potassium  haiadSoco-  673 
potassium  peatachioroaguo-  874 
{111)^  rubidium  hesabromo-  875 
{i\l\  chaiUum  fi^  tetrabromo^  875 
bawgJjromo-  875 
tgtrachloro^  673 
h^xachloro*  872 
Tballlc  ilil)  add,  dlsulfaio-  882 
TbaUiuni  867 
(HI)  acid,  mtrachloro-  372 
(1)  bromide  869 
bromide  874 

(1)  teiralMromothailftB  (iHJ  876 
{IJ  haxabrtfmothaUare  (ill)  878 
(I)  carbcniate  884 
p)  chloride  869 
(ill)  chloride  S70 
baj^chlorocalLurate  444 
P)  tetrachioroChaUate  {HI)  872 
(ij  bexacfajorotballate  (lU)  873 
(I)  fluoride  230 


Thallium  (I]i>  fluoride  230 
(1)  formate  864 
(1)  hydroxide  687 
pil)  hydrojdde  aUlfiate  i$2. 

9)  iodide  869 
oj^de  876 
^malonite  884 
(L)  nitrate  883 
(t)  nioide  663 
P)  oxide  SB7 
ailJoUde  879 
P,  U[)  selenlde  8B1 
PJ^uifate  881 
pif)  siUfate  681 
0)  aulffdQ  BGO 
P«U1)  sulfide  860 
Thenard^s  blue  1525 
'niioenduumate^  sodium  619 
zlac  1083 

’nEloarsenatet  ammonium  G04 
sodliuh  604 

trtThiocarboaate^  ammonium  674 
barium  674 

dlThlocarbonlc  aabydiide  852 
Thiochronsite,  sodium  1394 
Thiocyanate,  hydrogen  669 
lead  769 


tetraThioc;ya[iatDd|^nitdecihrtinittQ  pil), 

awmonlUBi  1376 
-^ammisedirornlc  pU) 
aoJd  1377 
-^anlltnochrcmete  pil)» 
ammoDium  1^8 

hexaThiocyanatocfaromaoe  potaaalum 

1374 

traas-diThiocyeitato^(eUiytmied^^ 

chrcminm  pil)  chlvcytmane  1357 
mtraTHlocyaMmdlpyrldiTVKhr^  (UHl^ 
ptiussluiQ  1879 

hexaThificyanatjavaiiadate  ptj,  pcUiBsi^ 

■J291 

Tblocyanic  add  669  - >■ 

beaalldocyaniQfaxiiam  piE^  1511 

Thiocyenoeen  671  ^ ^ 

tetraThiocyanomerciiram  pi);  pecahalui^  . 

-jgE24 

trilhloferratB^  ammcnium  beptatfcrd^j 

■ "■  ■ r'4^ 

'ndofetrate,  ethyl  ^nitroByl  1765  ■ =■/ 

sodium  ^nitrosyl  1763  ^ 1 

tetraThiomalybdacep  ammoqjum  . 

diThionate,  barium  397  .. 

dnEThloziaie,  potasalnm  39S 
tetraTLlotuiter  potassium  899- 
pentaThicman^  potasaium  401  ^ 

bexaThiooaBp  potassium  ^Sfl  ■ _ 

dlThloDAiet  a^um  S95 
Thionlc  acidf » poly*  405 
dlThionite*  sodREm  393 
zinc  3^ 


.L 

■ ‘ -f- .v=5:vt>  ■■ . ■ 
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SS7 

dtaMt  SSI 

174 

tWl4»  170 

iua«w«d«  171 

mtpItowrtlkOArseaate,  svifum  60S 
ATi4efflnia*rsw*»B^  sodium  605 
ATWoftapkiK,  lATium  57] 
HMThidfbofifjfauep  sodium  569 
dmophosplwkep  sodium  S7P 
irnWo|)feos{dki(Rp  sodium  571 
tBtnTbtptoplitbQp  sodium  572 
■ftuTVophoapfeafic  tcld  50$ 
ThUfifaoqiborVt  gjtnlde  SS7 
OOiwEkidft  sas 

dditfide  532 

nMTbiosEanqfttie^  sodium  742 
wnTUosuiiiiAe,  sodium  74$ 

TUosutfuiofeiTuiOr  potHssiuiTi  dinitrosyl 

” 1766 

'nwriiK)  1174 
(IV)  Irvnlde  1203 
cartides  J243 
cUoridc  1201 
(TV)  chloride  1203 
hydride  1184 
(IV)i«ildfl  L205 
uiiraK  123S 
Dtizjde  1236 
(TVJoaide  1221 
p^ibide  1241,  1245 
filicide  1249 
solOcfe  12^^  1226 
nu  727 
gtay^a-  727 
pnder  727 

soe  also  stamute,  stannous^  etc; 

Tta  flV)  acetate  747 
1606 

(U)bnD]iite  732 
(>V)lirKnlde  733 
k«nte  741 
(H}cUarlde  72S 
(fVJdilixiito  729 
^iialiyt-  746 
WBluirbSe  217 
fVi  Oinaide  217 
at)iodUle  734 
0V)  Iodide  733 


m«iade  736 
(HQlJflllu  744 
Pl}a«dde  739 
ti£!2i**^  741 

^*fSS»*Jt«*EiPl«Wliie4i- 

<n% 

fiSecFaoo-  1430 


Tunffgutea.  toopoiy-  I7i2 
Ttessien  14T77T622 
Uue  1423 
carl?0Eiyl  1741 
(VJ  chloride  I4l9 
(VI)  cWoride  1420 
(VT)  fluoride  260 
(IV)  oxide  1422 
(VI  > oxide  1423 
'V-Tungsten  oxide  1422 
Tutigsten  Qxvtecrflchlorlde  1425 
hexapheoolaw  1426 
h^phenoxldfl  1426 
(fTTsuIfide  1425 

TltanaiDep  ammcmium  hexachlorcK*  1 199 
potasslurn  hexafluoro-  1153 
sodium  hexaflmoro-  1163 
Titanic  acEd”  peroxy*  J2l9 
Titanluni  II6I 
(II)  bromide  1185 
ail)  broiTiide  1187 
PV)  bromide  1201 
carbide  1245 
ill)  chloride  1185 
(Jtl)  chloride  1187 
(1V>  chloride  1195 
(ill)  fluoride  24S 
PV)  fluoride  250 
byiMde  US4 
ai)  iodide  U&S 
(iri)  iodide  1187 
(IV)  Iodide  1205 
tg^ntEtace  1237 
nioride  1233 
(IV)  oxide  1216 
pV)  oxide  hydrate  1218 
Oxides,  lower  1214 
^ojdde  1216 
ail)  oxychloride  12t>9 
PV)  oxychloride  1209 
oxynitratfi  1241 
phosphide  1241 
silidde  1249 
(JH)  sulfate  1226 
sulfide  1222 
'Htanoxy  sulfate  122S 
Titanyl  sulfate  122S 
metaTUugstacea  172? 
dodecaTi^staMs  H27 
12-Tungstic  add^  1-arsenates  1724 
1 S.-Tuug5tlc  acld-Z-acsenates  1725 
12-Tun^c  acid^i^boracies  1716 
l-phosptiates  1720 

1 S-Tuqgsilc;  add-2-phoaphates  1723 

2 l-Tuogatle  add-Z-phospItaces  1722 

adW-2-pbosphatefl  1722 
10-Tuugsae  acld^l-jfllcates  1719 
i2"Ttingaflc  adjcUl^-Bilicacea  1717 
6*l^mgfldjc  actd-l.tsUuraces  1726 
euauidinlUA  salt  1726 
Ti^Bdc  add,  ydUow  1424 
T\flpquoiM  Breen  1092 
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U 


Vrsaaii^  (V),  fllkail  1445 
(VI],  alkali  1445 

(IV)j  pcusalum  te^cncalaco-  1450 
Lt-aniwn  1451 

(IV)  bromide  1440 
{m>chlorldft  1435 
OV)  chiorick  1436 

(V)  chloride  H33 
(Vjechoxlde  1451 

(VI) etlKiadjde  1452 

(V)  ethyUie  1451 

(VI) ethylaie  1452 
{IV>  fluorldfi  261 
(VI)  flwrlda  262 
hydnde  1434 
(1V>  oxaiatsQ  1449 
(IV)  tndde  1442 
(VI)  wdde  1442 
peroxide  1446 
ClV>gatfttte  1447 
(w)  euUide  1446 

Uranyi^benzoylmethaiie  1453 
Uret^l  carbonate,  nmnionium  1449 
Uranyl  chloride  1439 
hexaUreacbromluin  (1[I)  chloride  1359 


Vanadlinzi  ^)4e<ltde  1262 
ulttldea  12B6 

(vjfflidfl  mo 

iMctdoa^  lower  1266 
ojq^ortde  I2t2 
oxv^dblarlde  J263 
(vySjdilatide  1264 
{jlorychlondB  1265 
(TV)  i&cy&ulfBie  1235 
pitoisphldea  1287 
Klezddu  1376 
^L}  smfBtt  1277 
suiAdu  1274 
Vanidyi  ^chloicldQ  1263 
^dUoEide  1264 
aidfoEe  1235 
VetnUHon  1112 


w 

Wbckenrcder  liquid  405 
Water,  pure  117 
'*coikductlviJEy'^  113 
Heavy  119 
pH-pun  119 
Walftani— 990  Tungistea 


t:  \ 


V 


X 


VAiiadateSf  aikaU  1273 
metaVarkadate,  anunonJum  1272 
Vanadate,  arnnkonlum  ^sUlfato^  1263 
hydrogen  ^siOfato-  1262 
pctesslum  haJcafloofTO^  270 
potaasium  ^sulfato-  12S3 
potassium  bgicaaitoc¥M4tO"  1391 
Vanadates  p lsopol¥->  1702 
24^Vanadlc  acicui-phosphates  1739 
43*Vaaadic  acid^2*pho3phates  1739 
Vanadtc  (HI)  add,  ^gvliata-  1232 
Vanadium  1352 
acetate  12B3 

(Ui)  alifiin^  ammonltini  1234 
(tH)  alum^  cesium  1234 
(tU)  alum,  potassium  12B4 
(mj  alum , mhf  dium  1384 
(p}*  ^beozene-  1269 
(Il)fomide  1260 
(Ul)  bromide  1260 
carbides  1283 
(ll)daloride  1255 
^[1)  ddoridft  1256 

(IV) clilMide  1259 
gm^vAEld^  252 
avjauorida  252 

(V)  fluoride  253 
hydride  1395 

QR)  hydroxide  1266 
(U)  Iodide  1261 


Xxmhacobalt  chloride  1534 


Y 


YtffiTbiuRi>  pm  compoundB  1138 
soildfnetal  1142 
^bromide  1150 

^chloride  1150  v 

SUlodlde  1150 
siillate  1133 

Vttriuin fluoride  346  ^ 

■ J.'y] 


Z 


Zinc  1067 
very  pure  1067 
Zinc  acetate  1037 
amalgam  1806 
amide  1079 
arseaidjeo  1033 
branlde  1072 
carhfuute  1036 
dil«lde  1070 
ddnrlde  hydroxide  1071 
cyaAdda  IG37 
1034 

fsnrete  (Ui)  J090 
fluoride  2ft 


SUMJCCT  mPCX 


Vo*.  A. 

1090 

mo 

t 1076 

^mAMiyOt  $uU(UQ|lica  1076 
IW 

W4 

iori 
J062 
*W 
Mm 
imo 

1664 

tadtst40BUe^  ptimUy  1076 

mi 

lOQ^ihAte  tOfl] 

Mb  1080 
Hcyulde  108S 

im 

im 

IcatE  10&9 
UttlBwiiiim  J077 
1075 

1083 


3»4 


Zfrtc  Mranmtatitift  17 13 
^pcate,  ammonium  beo-schlorD- 
pocualmti  tetracyano-  1088 
sodium  crihydroxo^  1631 
sodium  CfltTflhydrcxo-  1652 
ZJrcoiUum  957,  U72 
aaltq,  puriacatlon  1232 
scpandon  hafnium  and  J 1 79 
Zirconium  (IVJ  bromide  12D3 
wbLde  1245 
aV)  chloride  1203 
(IVJ  fluoride  251 
bydnde  U$4 
(tV)  lodlda  1205 
nitridfl  J235,  1236 
(IV)  oxide  1220 
oxychloride  1210 
oxytUtrate  1241 
pbosphate  1244 
pfaOGphides  1241,  1243 
suicide  1249 
sidfaue  1231 
sulfide  1222,  1226 
Ztrconyl  chloride  1210 


1070 
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A 

Active  copper  45S^  1633 
meuils  613 

Aglurloin  In  the  absence  of  air  1748 
A[r*$eiisltlve  gub3tances»5Lar«£eof  7S 
Alcohol*  dahydratlcn  of  26 
AltcoU  hydrcxktefi^  handUn^  of  ccnoeiw 
trat^  1679 
AUo^s  1771 
AmalgunE  1801 

Ammonia,  extraction  wltii  liquid  86^ 
1100,  1526,  1792 

AmpoiHeaf  reniovai  of  conEeuta  of  119 
for  alloys  1782 

breaking  of,  in  the  absence  air  120* 
135 

Anahiiiz  fiaak  1271 
grea?e  Z9 

Apparatus^  aesemhly  of  4 
Arc  funnace  42 


B 

BaU  min  1127^  1129,  1167,  U95 
vacuum-type  76 
So^ieiiiscelii  valve  62,481 
Bomb  Eube  1303,  1304,  1306 
Break-^seal  valves  63,  I33t  13^*  137, 
1168, 1197,  1206 

c 

Calcium  fluoricie  llnlPg  152 
CarboD  13,  20 
electrodes  181 
tube  fbmacee  39 
vesaets  nude  ef  15 
Catalyat  carrlHrs  {supports)  1270, 
1611 

CatalystB  1270,  1563^  1574,  l&fl0,l&S3, 

Cathode,  commercial*  for  electfclytlo 
reductioB  1277,  1366,  1427 
Cements 

for  glass  tubes  LO 
glycerd^durge  31 
pheool-fcrtaaldjebyde  32 
allmr  cblciide  31 
wasergiass  32 
gdflJ7  odide  31 
Qaraintes  12,1779 


Qwmilng  of  glnatninn  7, 9 ■ • 'r. 

CD»do, with sUver  t03l 
Ctldbauis  45 

CMomerctol  etom<tM  1277.  iMfr;' 

1427  ’ 

Comnerdal  guea,  poclficoftlciir  of  75. 

m,  272,  334.  4S*,  440,  OM,  ^ 
ComTntmaion  la  die  abavoce  of  atie  '^4^ 
1786 

CobdeosatltBi  traps  66 
'^CooiaifVTlosB'^  huSoa  1766 
CoEitroller  for  power  supply  47 
C60U19  42 

Copper  cylinder,  revoitvtBg  244  , ' ' 
tonwr  459  ' _ 

CclstobalitB  8 .[ 

Grudlde  for  wmns  of  alloys  1774' 
Tarnmann  1214 

Qyoatats  42, 46  ^ ■ j 

Crystal-growing  proceans  94, 12^ 


D ' i - 

Defaydrodoo  of  oxganlc  liqulda 
DevltrLScattoii  B ' 

Qiaphragm  valve  65  - , 

DUfiere&dal  maiunwftera 
DEfltmatSen,  genend  iflacus^ltJ^ 
in  the  absence  of  air  65.  ItW  _ 
cf  metals  887,  903,  923,  m 
1455.1789 


c£  very  pure  water  IXf 
vajCucDTi  92, 1198 

Drepping  fimnels  for  coircslv*  is 
131 

Dry  bog  70 
box  70 
[ce  43 

Dtying  agenis  80 
^lot  1291 


■■  ■ 
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lectrit^  dlscbjarge  Ingaa^ 
265,337 
sputtHflog  524 
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t tm  tl^  m Z?4, 394, 

' 439^40 

■MKri  i>Hiuiliiiiw  (MptrttlBiiJ  imn 
937.  TOi  937. 9S6.  1028, 106S,  1092, 
1H&,  U<»,  1177,  1399,  1433,  1454, 
H9^  1490, 1809 

TUM^w  4t  sutemtca?  by  joetns  of 
S>^  1309. 1791 

If  1Wmilllinir**”*N»aafllqiUdj]  124 

r>>  ■ iriiji  addition  390,  392,  542, 
791, 741.  tSS6,  1694 

ndKllM  239.  439,  493,  407,  1)33, 
1199,  1K9.  1277,  1291, 1344,  1413, 
14(27, 1447 

Uer«  defafdrtH  QQ  27 

eHpantfw  in  vKUuni  543^  559 
Burkctiaii  ^ih  Ut^uid  ammaiiEa  S6» 
1100*  1526*  1792 

F 


Fnrtdif  53fSRm  {^ppmtii?)  7fi^  1241^ 
12$7, 1330 

FcracDtatlfHi  cap  1199 
FlUlae  vsshIb}  in  (jte  tteence  ot  nir 
10,  74,  91S,  960,  963,  966,  12S0, 
13CH,  1345^  17S6 

FflAdiv  ixt  the  ttooncf  of  air  72^  S93. 

1276*  1456,  1551, 17S4 
flndcy  13,18 
Fll*t  TA]TM  61 
Flnldiadbed  1616 
nniiK  coinpou^^  general  ISO 
Rnuliifi-realstaiu  vessels  H3, 149 
Flvonpar  apparanis  152 
FkMioaailodi  at  low  lemurfliung  66 
Ftottaine  badif  42 
■^JORB  42 
fUrntTCB  61 

32,1784 

uv  tod  dActralc  rtdlaiioa  42 
Gkfau-  3« 


GaacBi  coiEecior  for  69 
drying  nf  SO 
ganoid  diacujsioa  of  77 
gftaeraters  for  77 
B^tiefactloii  of  86 
liquid^  as  reaction  itiedlB  66 
rntidaiiring  the  preasure  of  55 
puriflcaEfoiii  of  commercial  7Sj  111, 
272,  334,  453,  460,  646,  647 
rate  of  flow  of  (control  and  mBaaure- 
meat)  S4«  853 
receivers  for  69,  34 
Gasometer  84 
Glass  5 
chamlcal  S 
common  types  of  6 
Jointa  CO  ceramic?  lO 
joints  to  metal  li,  25 
Pyrex  6 
Vycor  6 

Gold  shield,  movable  1463 
Graded  seals  9 
Graphite  13,  17,  22 
day-botided  13 
electrodes  181 
retort  13 

Gravity  separation  97 
Greases  28 

Grlgiwrd  reaction  744 , 763 , 1084, 1 103, 
Ills,  1398 

H 

HcaModuced  aynthesls  of  alloys  1772 
Heating,  comliiEstioii  32 
electrical  32 

Hlgt^-aurface  materials  1609 
tU^  vacuum  53^  66 
Hasta£ton  1265 


1 


«4tb  imBmai  heailng  coils  36 
WeriMi  39 
^<yWeittnii  wire  37 
•oUr  42 
Tamnan  39,  i^ij 


lenitlng  cherry  1334,  14QZ 
InductloEi  furnaces  41 
Im  Htchangers  555,  1179*  1701 
Jon-exchange  resins  55,  1179,  1701 
l^teniscope  lOi 


^ 34 

tacerunks  10 

tv  lutalfl  25 

ft^«lP*ealisaice  ofaJLr  984*  1483 
1774 

«*  "Uoy*  1772,  17B2. 17«4 

G 

^^Jp^dwrleat  90,162,265 


J 


Joints*  giaea  9 
glass  to  ceramics  10 
^BSs  to  metal  11,  25 
standard  taper  9 

K 


K-Maas  16 
K«-F  25 
Kipp  geqeraior  77 
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I 

Lead  caihoda  for  elactrolydc  nductioii 
U77,  1366*  14Z7 
Lealcg*  testing  for  69 
Liqu&fled  gases  86 
Liquid  air^  haj^dUng  of  44 
Liquid  ammonia  as  a reacttcm  medium 
66,  35fl,  360,  463,  585,  593,  1043, 
1100,  1526,  1794 
Liquid-EUlad  tliermoirietiers  50 
Low-meltLitg  alloya  IftOfl 
Ltkbrlcante  28 


M 

Manometers  SS*  84 
McUod  39,  S7,  1158 
mercury  55 
Moser  58 
Null  56 

with  quartz  spiral  56 
Marqiiardt  mass  18 
McLeod  gnqge  39,  57,  1158 
Meldng  point,  determiitadon  of  69,  lOO 
Melts,  elaccrolysis  of  143,  181,  936, 
1144,  1170,  1177,  1250,  1433 
Mercury,  purtficatioii  of  27 
Metals,  as  matedois  for  vesffsls  17, 
1776 

fusion  to  glass  11,  25 
Microelectrolysis  124 
Mirrors  1031,  1644 
Movable  gold  shield  1433 
MuUlte  13 


N 

Nernst  furnace  39 
Null  manometEr  56 


PodbeUiUI;  dlatUlatlaD  cctunu  93  - 
Polyetfayieuft  ?5,31  , 

PolyriiiltKKrociidoroeAyle^  2S 
Puiyteti^iwiwdiyljeoe  25 
Folyvlnvl  acetates  30  ^ 

PolyvtDyi  chloride  25 
PorcelaliL  U*  IS 
Ports,  flat  and  parallel  73 
Powder  reacdoaa  103 
Preclpiiatljoti  In  die  absence  oC  nljr  72* 
1276,  1456,  155L  1747,  1756 
Pressure  gai^ieg  55^  $1 
measureniAnt  55, 101 
symhesis  76,  939^  1151, 1223,  1242, 
1274,  12S7,  1330»  1443*  1527*,  1741^ 
1784,  1804 

Protective  Pifiliie  tpt  alloys  1774 
Pyreit  glass  5 
PurlflcatLon  of  suhsoiioeB  91 
Purity,  analysis  ol  lOO 
Pyrometer*  rtdladon  S3 
P^jdaorlc  tendency  1614 
Pythagoras  mass  11*  1780 

Q 

Quartz,  fdsed  (glass)  5^  Sp  18 

R 


Radiation  pyrometer  53 
Raschtg  rings  92 

Keactiaiis  In  arc  furuces  653,  1248* 
1669 


RcacdaD  lamp  1332 
aec^stslUzatloo  71,94  ■ 

Refb^  processes  1163*  1173* 

1332 

Residue  methods  fcir  alloys  1794  ' ^ . 

Resistance  thormoineter  50 
Rcse’a  nnctel  31  .-h  ^ ; 

Rotameters  34*  ^ 


O 

ObservatiiOf]  port  75 
Ovens  32*  1784 
Ozoiiizer  337 


P 


Ficein  30 

Platinized  asbestos  1565 
PUctnum  coating*  electrolytic  1565 
by  thermal  means  1565 
PUttnum  electrodes  1566 
Platimun  equlpmeni,  hfrivtllng  of  1564 
PLatfnum,  redaimatlQD  of  1564 
Plexiglas  2S 

Pnftumatoiydo4iydrotl^  syntheste 
1089 


Iddenk  tghe  75 
eats,  graded  9 
ieall^  materials  23 
wax  30 

flatter  valves  63*  133*  186*  137, 
1197*  1206 
mica  gel  1648 
mi  con  carbide  22 

grease  30 
KUUzrtanlte  15*  18 
mUiuantlum  13*  18  . 

UlvET  mirrors*  de^iosicioa  of  i™i 
Rliil*  erysteJs,  grwh  of  94 
Unbred  alundna  13, 20 
oxides  13*  1®  f 

rimerlnf  103*  1234*  I345p 
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StMan  for  mtulf  24 
pW4  25 

1483 

^^HKtBTiitf  ^actricad  Atotnisation) 

1035 

t&p«r  lAd  ^ joints^  giaj^ 

Suai  cyUndhtrs  /&r  pai  storage  77 
Swck's  Appanro^  for  worlt  in  v&cuyin 

Stock*5  nwrcury  valve  61,  69 
Stopoocks  (see  tlM  valves)  59 
fw  c«cro9tw  media  l3l 
Skifaliniatiaa  (see  also  difEUJacloa)  92, 
249,  903,  973,  1302 

Synthesis  under  phessizre  76^  9S9,  1151* 
1223,  U42,  1274.  12fl7,  1330*  1443, 
1527,  1741^  17S4*  1S04 
Symbedc  resins— Plastics  25 

T 

TihJetS  103,  1795,  1799 
Tammajiii  o"uclble  1214 
Tammanji  furnace  39*  12i5 
Teildn  25,  149,  U6b 
Temperature,  constauE  45 
graiUent  76 
lug^h  32 
low  42 

messurement  of  49 
Tbennocoii?rtes  51 
TberruDmeters  49 
Tbenncpilastic  maLerlal?  25 
Tbemiosuts  46 
Toeplef  pump  66 
TomibAc  tube  valve  6S 
Timgsten  furnace,  ruibiilar  40 
TvMrm  mhe 


u 

Universal  ceacElan  system  66 


V 

Vacuum  apparatus  65 
ball  mUU  76 
dlstUiatlon  92,  119& 

^ai^e  39,  57 
systema,  apecLsi  66 
VaJiciiscope  53 
Valves  61 
Sodensceln  62,451 
diaphragm  65 
float  6J 
frit  61 
needle  64 

shatter  63*  133,  136*7^  1I6B,  1197. 

1206 

Stock  (mercury-filled)  61,  69 
Vapor*deposlilom  processes  J234, 
1245*  1254,  1239,  1294,  1323,  1332, 
J64S*  J793*  1799 

Vaporisation  of  metals  1®,  1643 
Vapor  pressure  measuremejits  S5,  101 
eudiometer  102^  1100,  1115 
tlifiiTiioniecer  49*  67 
Veasela  realscatic  to  Suodna  143, 149 
VftreaaU  IS 
Vycor  glaas  5 

tube^  1068,  im,  1096,  1191,  1255, 
1294,  1297,  131S,  1420 

W 

Wash  bottles,  79 

^Yashlug  in  the  absence  of  aLr  1626 
Wax.  30 

Welidlne  of  m«tals  24 
Wflod^a  matai  31,  62,  1809 
Vork  111  t35B  absence  of  air  S3,  66,  U9* 
S9B,  916,  96i,  U98,  1273,  1303, 
1456,  1483,  1551,  1616,  1747,  1756, 
1774,  1779,  1786 

z 

2:oue^TneitLn£  process  97 
7!inc  teductCr  136S 
Z^bdeemiscb  1334*  1402 
2)kidklr3Cltie  1334*  1402 
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Line 

Should  read 

218 

3 from  bottom 

. , , b.p,  1293*0;  d 8.24  . . , 

505 

1 

...  a drop  of  Kl-starch  solution.  l.e.. 

whether  the  desired  large  excess  of 
nitrite  is  present.  It  this  is  not  the 
case,  one  must  either  wait  a while  or 
add  some  more  nitrite.  Then  25  ml.  of 
ION  , , . 
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